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PREFACH

The risk and uncertainty inherent in weapon system development pose
a gignificant challenge to cost estimators. Such uncertainty suggests
that a goal of absolute precision in cost estimation is impractical--
some error must be accepted. A systematic bias in cost estimation,
howaver, would present a problem in that it can distort resource
allocation dacisions and undermine the rationale for those decisions.
This problem is of particular c¢oncern in an environment of decreasing
budgets.

The difference between estimated and actual costs is often referred
to as cost growth. This research attempts to gain insight into both the
magnitude of the weapon system cost growth problem and the factors that
affect the cost growth phenomena. The results of this study should be
of interest to policymakers and analysts concerned with the quality of
DoD cost estimation and the efficiency of weapon gystem acquisition in
general.

This study was sponsor.d by the Office of the Assistant Secretary
of the Air Force for Financial Managemerit (Cost and Economics) and was
performed in the Resource Management and System Acquisition Procgram of

Project AIR FORCE, a federally funded research and development center at

RAND.
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Cost growth in weapon system development, one result of the
inherent risk of developing advanced systems, has been a prevalent
problem for many years. A systematic bias in coust estimates can
undermine the basis of resource allocation decisions, an important
problem in a tight budget environment. Currently DoD is in this
situation.

This exploratory research attempts to gain new insight into this

0ld acquisition igsue. 1In particular, our objectives were to:

1. Quantify the magnitude of cost growth in weapon systems

2. Identlify factors affecting cost growth

A better understanding of the scope of the cost growth problem would
provide decisionmakers with an improved basis for mitigating cost
growth. Insight into the drivers of cost growth might suggest policy
alternatives appropriate to the goal of mitigating cost growth. This
research uses a database composed of 197 major weapon systems reportirng
through the Selected Acquigition Report (SAR) process as of December
1990 to address these issues. While we have quantified the magnitude of
weapon system cost growth along a number of dimensions, we could 1ot
definitively account for the observed cost growth patterns. Thus, no

“silver bullet” policy option is available for mitigating cost growth,

MEABURING ©CO8T GROWTH

Cost growth can be measured in several different ways, each
vielding a somewhat different picture of the magnitude of the preblem,
Since a basic objective of this research was to gain insight into the
factors afferting cost growth of on-going programs, we adjusted the data
to account for those factors not reasonably attributable to cost
estimators at the time an estimate is made, Hence we have made all
¢alculation in terms of program baseyear dollars to remove the effects

of inflation, and we have removed the effects of quantity changes by

adjusting all cost variance Lo the baseline quantity. Since three
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different baselines are possible for each program--planning,
development, and production--each associated with a particular Milestone
in the acquisition process, we have handled each baseline separately.
Most of the data we present are referenced to tie development estimate
(DE) baseline made at the start of engineering and manufacturing
development (EMD); the database contains 150 programs with a DE
baseline.

The two factors that have the greatest effect on total prograin cost
growth are program size and maturity. Smaller programs tend to have
higher cost growth, in part because dollar'changes are more visible in
percentage terms in smaller programs but perhaps also because smallier
programs may receive less high level management attention. Older
programs tend to have higher cost growth because of the accumulation of
problems and changes (e.g., performance imprcvements) over time. Both
of these effects can dominate any other factor affecting cost growth,

Ih this analysis. we have nsed weiaghted average const arowth figures when
making compariscns between groups of progirams, thus adjusting for
program size (measured as the total program baseline costo).
Additionally, we have used only programs that have progressed three or
more years past EMD start, a cut oft poinL that rensonably correspond«
with the avallability of good quallty information., Currently 128

programs are three or more years past EMD start and have a DE basoline

SCOPE OF THE PROBLEM

Anoan est imating goal, we might dosiroe that, on average, our cont
cot imaten are unblased with o mean cont growlh ol zero and thab acceuracy
improves over time as a function of improved information.
Unfortunately, our results indicate that cost cutimates Ln fact are
systematically biased toward underestimatlion., Welghted average Lotal
program cost growth i about 20 percent at both the planning (Milestone
1) and development (Mileotone 2) bagelines, falling to about Z percent
al. the product. ion (Milestone 3a) baseline, However, hero very high
val Lance saround those averages reduces confidence in the predictive
power ol the cost estimates. Further, the distribution ot the data iw

highly skewed towatd cost goowth (Lhough gome pirograms achieve bettor
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than estimated cost performance) and that distribution does not improve
significantly over time as better quality information becomes available.
The weighted average cost growth of DE baseline line programs three
or more years past EMD start (n=128) as of December 1990 is 20 percent.
The Army and two of its main system types, vehicles and helicopters,
tend to have somewhat higher cost growth, explained in part by the
somewhat smaller size of Army programs in general. The average cost
growth for Air Force programs is slightly higher than the overall
average, while the average across Navy programs ig somewhat lower.
Perhaps more important, little improvement has occurred over time.
A myriad of acquisition initiatives has been intrcduced over the last
reveral decades in an attempt to control cost growth. These include the
1981 Carlucci Initiatives, the Packard Commission recommendations, and
several recent DoD regulations. If effective, we would expect to see
average cost growth decline in response. Our resultsg indicate that cost
growth has fluctuated around 20 percent since the mid 1960s. The lower
cost growth for programs begun In the 1980s is due almost entirely to
the effects of maturity. We fully expect that these programs will incur

cost growth comparable to past experience as they mature.

FACTORS AFFICTING COST GROWTH

In an attempt to gain insight into the factorg affecting cost
growth, we examined many poasible explanatory variables, including macro
lavel development strateqgies, schedule related factorn, and management
and biudoot convidevarlons,. We tonnd Lew st rong ralationships that would
help oxplain Lhe ool growth outcomes we observed., While brogram
lenglh, program glze, maturity, and modification versus new developmentg
ate signitleantly correlated with cont growrh, no single ltactor eiplaing
a large portion of the observed variance in cost growth outcomes, The
substan! fal program Lo-prodram variation snggests that there 1o no
dominant oxplanatory variable, llence, the problem of cost growth doen

nol. have a "aitver bullet® policy 1eapons,

POLICY IMPLICATIONS

1t egedr ohostieggust 8ono pgubntant fal o tmprovenont in avoerage cont

qrowt i over the Jast 40 yoears, despito thoe fmplomoent at fon ot geveral
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initiatives intended to mitigate the effects of cost risk and the
associated cost growth. In fact, our results suggest that cost growth
has remained about 20 percent over this time period. Of interest is
that this result is somewhat better than the cost performance in maany
large civilian projects, such as enexrgy and chemical process plants,

Nonetheless, rather than suggest that we have reached the limits of
our estimating ability, the apparent consistency in cost growth could be
explained in terms of incomplete or incorrect implementation of the
various cost control and budgeting initiatives, due to strong
institutional barriers. We have not yet fully examined an important set
of potential explanatory variables--institutional and incentive
structure factors--that may be fundamental drivers of cost growth. Part
of the intent of some of the recent cost and acguisitior management
initiatives have been oriented toward changing such structures. Full
and honest implementation of existing regulations might improve Lhe
situation. Of course, major changes probably would be required in the
institutional structure and incentive system of the vurrent acquisition
process.

The inability of any single factor to explain large portions of
observed cost has important policy implications. It suggests that any
policy solution of necessity will be complex, incotrporating all aspects
of the acquisition process and requiring changes in behavior in all
responsible parties, from the system program office through Congress.
Purther, inflation is notoriously difficult to estimate accurately, and
quantity changes may be necegsary because of changes in the budget
environment or threat--factors well beyond the control of program
management . Additionally, the very large uncertainty inherent in
developing advanced systems suggests that cost risk never can be removed
completely,

Given the presumed level of effort required to furthier control coit
gqrowth, we must ask if the problem is worth the cost of the solutions.
Such a determination is best left to decisioumakers concerned with the
qual ity of resource allocation decigions. It is worth pointing out,

however, that the sum total estimated costs for the DE bascline programs

in aur databasce is more than $450 billion dollars {in FY303), spread




over several decades. Twenty percent of that figure ($90 billion) is
significant and could have a substantial cumulative effect on resource

allocation decisions, particularly in times of increasingly tight

budgets.
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1. INTRODUCTION

Historically, cost estimation has posed a significant challenge to
estimators, planners, and manager in both government and industry.
Considerable historical evidence shows that accurate cost estimation has
been difficult to achieve across a wide range of projects, including
weapon systema, energy and chemical processing plants, and large
construction projects.! f7he explanation for this difficulty lies in
part in the technical uncertainty inherent in large scsale,
technologically challenging projects.

One result of this inherent uncertainty is the persistence of cost
growth in weapon systom developnent programs. Cost growth affects the
quality of decisions concerning U.S. defense policy. Inaccurate or
imprecise cost estimates can distort the rationale for resource
allocation decisions, comparisons between competing systems, and
procurement expenditures. Unfortunately, no proven method exists to
identify overly optimistic or pessimistic cost estimates at the
different stages o. a development progran.

Cost growth can be defined simplistically as the difference between
estimated and actual nosts. The direction of error measured from the
estimate baseline can be either to initially understate costs, in which
case cost growth occurs, or to overstate costs, in which case a cost
reduction is realized. The effect on decision making is the same;
however, both overriuns and underruns reduce the quality of resource
allocation decisions. This report uses the term cost growth to include

both cost increases and decreases from the estimate baseline.

iFor examples, see Edward W. Merrow, et al., A Review of Cost
Egtimation in New Technologies: Implications for Energy Process Plants,
RAND, July 1979, R-241B-DOE; and R. W. Hess and C. W. Myers, Assessing
Initial Cost Growth and Subsequent Long-Term Cost Improvement In Coal-
to-8NG Processes, Gas Research Institute, August 1988, GRI-89/0129
(especially Figure 1.1},




OBJECTIVES

An occasional inaccurate estimate would not pose a significant
problem. A problem arises only if cost estimates are systematically
hiased. Conventional wisdom is that cost estimates are biased downward;
they commonly understate the actual costs of a development program.
Systematic bias can lead to erratic acquisition decisions (e.g., more
start and continuation decisions) that contribute to problems later in
the system life cycle, such as the “bow wave” phenomena in which too
many programs reach high funding levels at the same time; reduction in
operatinn and support accounts to compensate for increases in the
development and procurement accounts; and quantity reductions that
affect force structure plans and capabilities. Some evidence of a
downward bias leading to cost growth has been documented, but little
attempt has been made to quantify the extent of the bias and understand
its causes. Improving the accuracy and precision of cost estimates
requires both.

As an estimation goal, we would like to see cost estimates normally
distributed around a mean of zero, indicating no systematic bilas and
that, on average, estimates are reasonably good predictors of actual
costs. Further, we would expect the accuracy of our estimates to
improve over time as the system definition becomes firmer. As
documented in detail in later sections of this report, actual experience
does not correspond with these desired attributes. Figure 1.1
illustrates that in fact weapon system conit estimates have an inherent
systematic bias of a substantial magnitude.’ Weapon system cost
estimates are in fact systematically biased, by about 20 percent on
average in the early phases of a program, and that bias remains well
into the production phase, with no real improvement in the distribution
of errors around the mean. The basic goal of this research is to
understand the reasons why actual experience is so different from what
we might desire and to gain insights that might enable moving actual

experience tcward our goal of improved estimation accuracy.

“The details of this tigure--how cost growth is calculated, the
differences between baselines, etc.--will be explained i1n more detail in
later sections of this report.
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The research presented here is an exploratory analysis of cost
growth in weapon system development programs. We have limited this
effort to information available in Selected Acquisition Reports (SARs),
as they provide the most reasonably consistent and readily available
data source for both cost growth and potential explanatory variables,?

The objectives of the rcsearch are to:

1. Quantify the magnitude of weapon system program cost growth

2. Identify factors affecting cost growth.

The first objective is intended to determine the extent of the problem.
The second objective focuses on identifying the causes or drivers of

cost growth. ‘Fnowledge of the underlying reasons for cust growth would

1An agsessment of the usefulness of SARs in cost growth analysis
has been reported separately. See Maj. Paul Hough, USAF, PFitfalls in
Calculating Cost Growth from Selected Acquisition Reports, RAND, N-3136-
AF, 1992,

e st e e o




facilitate achievement of the long-standing goal of improving cost

estimating and controlling costs during weapon system acquisition.

8TUDY OVERVIEW

Two basic researxrch approaches can be used to study acqguisition
issues, including cost growth. One is a case study approach. That
approach might provide considerable detail on factors that drive cost
growth in a few programs, but the results would not be generally
applicable., It is difficult to formulate general policy from a few case
studies,

Another approach is cthe “large-N* study. In that approach, some
detail is sacrificed to 2nable a much broader scope study involving
collection of a relativaly few basic variables on a large number of
programs. The results of a large-N study are more generally applicable.
Because they provide ‘nformation on the relative importance of factors
at a more macro-level, policy alternatives can be formulated more
easily. This approech is adopted here,

The results presented in this report are derived from information
contained in SARs, with some technical and programmatic information
supplemented from other publicly available sources. We intentionally
imposed tnis constraint on the research buth because of the availability
of SARs and becnuse we wanted our results to be comparable with similar
cost growth resmearch. For reasons that we will make clear, the results
of the many pest cost grow-h studies are not directly comparable with
this research because of tue differences in how the SAR data are
adjusted.

We have defined cost growth (positive or negative) as the current
estimate or actual costs of a program divided by the baseline estimate.
Those estimates are adjusted for inflation and changes in quantity. The
result is a cost growth factor: ratios greater than one indicate cost
overruns (or cost growth), and ratios less than one indicate a cost
underrun,

The overall database consigts of the entire universe of weapon

system projrams that have reported through the SAR process as of the

December 1390 SAR. The actual working database consists of 197 programs




with program start dates ranging from 1960 through 1990.4 Those
programs include all three military services and nine classes of weapon
systems, The cost data were collected in a time geries format,
supporting both static or point estimate analysis (as of December 1990),
as well as trend analysis. Programmatic characteristics such as
performance and schedule factors also were extracted from the SARs to
aid in the exploratory analysis,

We sorted the data into logical categories such as service,
maturity, weapon system type, and program size. Relationships and
hypotheses were tescted against programmatic data with a combination of
simple correlations, graphical representations, and tests of
significance between means and standard deviations of various groupings
of data. The results, based on independent variables derived almost
exclusively from SAR data, provide little significant support for any
hypotheses but do support some a priori notions on cost growth while

casting doubt on others.

Organiszation

Section 2 of this report describes the research approach in more
detail, including a description of the SARs and our datakbase. Section 3
documents the basic adjustments we made to the data and shows the effect
of these adjustments on the results. Section 4 begins the exploratory
analysis by addressing some of the basicg of cost growth, such as
comparisons across services and over time. Section 5 examines several
simple hypotheses thought to explain differences in cost growth across
programs, such as the existence of prototyping and schedule variance.
Section 6 summarizes the res.lts and suggests future research that might

be valuable. The somewhat extensive Appendices include the current

iThe total number of SAR programg through December 1990 is 214. We
dropped 16 programs from the database because they never reported costs
in constant dollars. These are all very early programs, most of which
never reported after March 1974. Further, we have maintained a combined
line for the SUBACS program, although the Navy has separated the AN/BSY-
1 from the AN/BSY-2 version,




status (as of December 1990) of the programs included in our database,

as well as the rationale supporting some of the categorization schemes

used in this research.




2. RESHARCH APPROACH

DATA SOURCES

The DoD Selected Acquisition Reports (SARs) are the basic source of
information for this cost growth analysis. The SAR is one of the few
official management reporting systems that provides consistent and
reasonably reliable data on the status of Dol acquisition programs. The
SAR includes a summary of key cost, schedule, and technical information
on major programs that meet minimum reporting critsria. Cost
information includes baseline and current estimates of total acquisition
coste and is reported in both base year and then year dollars, allowing
analysies on a constant dollar bawis or a total current Joliar basis.
The programmatic information in the SAR (e.g., schedule and performance
data) may be used as a source of independent variables fcr explaining
system cost changes.

Explanations for the difference between the curren’: and baseline
estimates are given in the SAR variance categories. The current seven

cost variance categories are defined below:

1. Economic: changes in price levels due to the state of the national
economy

2. Quantity: changes in the nuinber of units procured

3. Bstimating: changes due to refinement of estimutes

4, Engineering: changes due to physical alteration

5. Schedule: changes due to program slip/acceleration

6. Support: changes associated with support equipment

7. Other: changes due to unforeseeable events.

Allocations to these categories are made by the program offices using
the methodology described in DoDD 7000.3C (May 1980)., The important

point here is that allocatlions are made on the basils of programmatic

effects, not causes, making the variance categories unsuitable as

potential explanatury variables. Nevertheless, they contain narrative
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and quantitative information critical to both our cost growth
methodology and analysis.

Although formal submission of SARs to Congress began in 1969, they
were not legally requi;ed until 1975 (PL 94-106, the FY76 defense
appropriations bill). Originally the SAR requirement was formalized in
DoD Directive 7000.3, which has been revised many times since its firet
issuance in February 1968.5 The current SAR regulation has been
published as Part 17 of DoD Tnatruection $000.2 and includes descriptions
of format, reporting requirements, and calculations. SARs are developed
at the program office level and are reviewed by the Performance
Management Office in OUSD(A) before release.

figure 2.1 shows the number of new SAR reporting programs over
time. The height of the bars in Figure 2.1 is indicative of the number
of new program starts in any given year, changes in SAR reporting
thresholds, and the number of waivers that elther Dol or Congress allow.
The larye numbers of programs reporting in the early 1980s reflect the
military buildup of the early Reagan Administration, Table 2.1 shows
the change in reporting thresholds. Thougnh significantly raising the
reporting threshold, the 1983 change resulted in a significant increaae
in the number of programs that must submit SARs and reduced DuD's
discretion in choosiny which programs those would be. However, that
increesed reporting burden was mitigated by requiring only the December
SAR to be comprehensive, with the quarterly submissions mandated only if
certain variance thresholds were exceeded. Note that the number of
programs reporting in each year will vary as a function of the number of
carryovers from the previous year, the number of new programs, and the
nuamber of terminations (cancellation or completionj,

Excluding emn*rartor and program office records, the SAR is perhaps
the best source of data available to the researcher and certainly the
most comprehensive database assembled in one location. Becausge of the
scope of the data, length of coverage, and ease of access; SAR data are

the basis of cust growth studies both in and out ot DoD. HNevertheless,

"See Hough, 1992, for a description of these changes.



this database is neol without its problems. Among some of the well-known

limitations are

1. High level of aggregation

2. Changing baseline estimates and progrem restructuring
3. Changing preparation guidelines and thresholds

4, Inconsistent allocation of cost variances

5. Emphasis on effects, not causes

6. Incomplete coverage 2f program ccats

7. Unknown and varied budget levels for program risk.

These and other mmore subtle problems are fully described in a

companion report.% These problems can introduce unacceptable error in

RAND#4SS 2. 1 COK!
e

35
Does not Include special access programs,

Stinger-RMP and Laser Hellfire not counted
30 |- asnew.

Number of programs

Plgure 2.1-New Keoporting Programs by Year

SHough 1992.
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Table 3.1
SAR Reporting Threshold Requirements

Law Year ROT&E ___Preocurement

none 1969 $25 million $100 million (TY$)
PL 94-106 1975 $50 million $200 million

PL 96-107 1979 $75 million $300 million
PL 97-252 1983 $200 million $1 billion (FYB0S)

NOTE: Hough, 1992 (N-3136).

cost growth calculations unless care is taken to fully understand the
SARs for a specific program and how the SAR data were qenerated., A
thorough understanding of the limitation and caveats ot SAR data is
important in correctly interpreting the data. SARs are useful for our
purposes because they allow general descriptions of patteras and macro-

level trends,

BASIC METHODOLOGY

A Key question in cost growth analysis is how to measure cost
growth. The issue ultimately revolves arcund the adjustments made to
the data as part of the cost growth calculation., This section provides
an overview of our basic methodology. The effect of the various
adjustments is showil in detail in a later section.

A number of measures of system cost growth are possible given the
sare data. In general, cost growth is measured with respect to baseline
goals established warlier in the pronram. Nominal, or unadiusted cost
growth captures all program cost changes from the baseline while
adjusted cost growth excludes any cost variance caused hy inflation or
changes in quantity procured. Nominal cost growth is an appropriate
measure if the only concern is the impact of cost growth on the federal
budget . Adjusted cost growth, however, is a more relevant measure when
trying to determine how well program management has done in estimating
and controlling costs within its command. For example, a program that
finishes within budget but procures only half the originally estimated
quantity would demonstrate zero nominal growth but significant cost

growth when adjusted for quantity. Fallure to adjust for inflation will

result in higher cost growth measures than otherwises would be the case.
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Moreover, the older the program is and the higher the inflationary
experience, the greater the impact on cost growth, Large quantity
changes ran so dominate measures of nominal cost growth that true cost
performance is totally masked, We used the adjusted cost growth measure
to search for underlying patterns and trends in cogt growth over time
and within a program.

Determining the adjusted cost growth for a given program is a two-
step process. First, the effects of inflation are removed. Because the
SAR provides data in both base-year and then-year dollars, the effects
of inflation are readily apparent.. The baseline costs, current costs,
and cost varlances all are shown in constant (base-year) and inflated
(then-year) dollars. SARs first included base-year cost data in March
1974, and only 16 SAR programs were excluded from analysis because of
lack of base-year data.,” Adjusting for inflation requires only that all
calculations be made in base-year dollars.

The second step in determining adjusted cost is to remove the
effects of quantity changes. Adjustment for quantity is technically
much more difficult and requires that the researcher, to the extent
possible, ldentify all cost changes caused by a change in the originally
programmed quantity. After this amount is determined, either the
current estimate can be adjusted to the same quantity level as the
baseline, or the baseline estimate can be adjusted to the rcurrent
egtimate quantity. While both methods may result in approximately the
same answer, the latter produces a floatlng baseline and may lead to
inconsigtencies., We choose Lo maintain the integrity of the baseline;
an established RAND practice in cost growth analysis for two decades.
Thus, 1f quantity did change. the current cosi estimate is always
adjusted to what it would be if the program were still procuring the
bageline quuntity. To this end, we use the following procedure applied

to each SAR submission for each progrem:

The cost expenditure profile of these early programs was not
provided in SARs. "Thus, %total program cost in then-year dollars could
not be converted to base-year dollars,
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1. Subtract the previous procurement estimate from the current
procurement estimate to determine the current variance.

2. ldentify the cost variance associated with quantity, including the
reported guantity cost variance and all cost variances from the
narrative that are attributed to quantity but reported in other
variance categories such as schedule, support, engineering, or
estimating.

3., Subtract the total quantity variance (reported plus narrative) from
the current procurement variance to find the current net procurement
variance. This number is the total cost change as reported by the
SAR that is not a result of quantity change.

4, We then “normalize” the net procurement current variance with the
total program cost quantity curve under the assumption that all
costs, direct and indirect, are driven by quantity.® Thus the
methodology accounts for all quantity induced effects, including
changes in direct quantity, recurring cost per unit, cost/quantity
curve slopes, and nonrecurring costs, The elfect of the
normalization procedure is usually minimal but can be high when both
the net procuremernt variance and the quantity change are large.

5. The normalized net procurement variance is added to the research,
development, test and evaluation (RDT&E) and military construction
(MILCON) variances (not adjusted for quantity) to determine the total
program cost variance (either positive or negative) between the

provious estimate and the current estimateo,

"hen a cost growth factor (CGF) is calculated by taking the total
program baseline cost, adding the cumulative total cost variance to

date, and dividing by the total program baseline cost, This procedure

iThe total program cost quantity curve was derived from the annual
funding summary in the December 1990 (or final) SAR provided that the
regression yielded a measure of fit of at least R2 - 0.70. When the
least squases line fit the data poorly, we usned the average of ’good”
curves from the same class of weapon systems. The theory behind the
normalizatioy is explained in detail in E. Dews, et al., Acquisition
Policy Effectiveness, Appendix A, October 1779, R-251€-DRE. Hough,
1992, also contain: a good summary of the rationale underlying the
normalization methodology.
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was performed for each SAR submissior for each program. Total program
coet growth is calculated by summing the adjusted and normalized cost
variance over all SARs for the program. A CGF over 1.0 indicates cost
growth while a CGF less than 1.0 demonstrates favorable cost
performence. We also calculated CGFs for RDT&E and procurement cost
deparately. The procurement cost growth uses the procedure described
above but without adding development and MILCON variance; while RDT&®
cost growth is simply the current estimate of development costs divided
by the development cost baseline., By using this procedure beginning
with the haseline and ending with the December 1990 SAR (or the last SAR
for the program), cost growth can be calculated at annual intervals for
the program as well as the most recent cost growth {(as of December 1990)

for the program,

DATABASE OVERVIEW

The database includes 197 programs as of the December 1920 SAR.
These programs are Jdistributed across the three military services and
across weapon system types as shown in Table 2.2. About 25 percent of
the total 1s accounted fnr by each of electronics and mizsiles and an
additional 25 percent by ships and aircraft combined. Appendix B
provides the rationale for the system type categorization of cach

program., Table 2.3 lists all programs by rategory.

Table 2.2
Distribution by Weapon System TyDpe

System Type Air Force  Army Mavy osh TOTAL
Alrcraft 14 0 9 0 23
Migssile 19 20 17 0 56
Lolicopter 1 5 2 0 )
Electronic 20 13 19 0 52
Munition 1 7 4 0 12
Vehicle 0 8 1 0 9
ship 0 0 24 0 24
Space 6 ¢ 1 0 7
Other 2 1 2 1 6
_TOTAL 63 54 79 1 197
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A program can have three SAR baselines over its life cycle. The
Planning Estimate (PE) is the earliest and occurs around Milestone 1.
The PE has not always been included in SARs; it was only recently that a
PE baseline submittal was required. Currently, major programs must
submit a PE baseline $AR that corresponds with the RDT&E program;
although procurement estimates are often included, they are not
required. The DE, associated with Milestone 2 (EMD start), has been the
most common baseline and does include total program acquisition costs
(RDT&E, procurement, and military construction). The production
estimate (PAE) is made about the time of Milestone 3a or the beginning
of production and also includes total program costs. Often, however,
one of the earlier baseline ustimates (PE or DE} is maintained
throughout the program, and the PdE never is shown formally in the SAR.
The majority of orograms, particularly older programs {(i960s and 1970s:.
have only development estimates. For some programs, PE and PdE
baselines were estimated using Milestone 1 and Milestone 3a dates to
indicate the initial (PE) baseline or the current estimate at the time
the program was transitioning to production (PdE}. Thus, each program
could have three different baselines, Our database includes only five
programs where this is the ca..e, but we have many programe with at least
two baselines. Since cost growth must always be referenced to a
baseline, we end up with 278 distinct cost growth factors, distributed
across the three baselines as in Table 2.4. Because combining baselines
blurs fundamental distinctione relating to program maturity and
information availability, the analyses were conducted separately for

each of the three baselines.

Table 2.4
Distribution by Baseline Type

e Number Percent of Total
Plarnning ectimate 38 13.7
Daevelopment estimace 150 54.0
Production estimate 90 2.3

TOTAL 278 100.0
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The basic variables inclided in our analysis and a brief
description of each are included in Table 2.5. The four basic types of
variables are categorical descriptors, schedule-related, cost-related,
and performance-related. For the most part, each of the variables in
Table 2.5 is either a variable that enables the database to be sorted in
particular ways or a potentiial explanatory variable., These variables
either were extracted directly from the SAR ¢r else devrived from
information available in the SAR.

The categorical variables we examined are based on the notion that
differences ir. cost growth may exist between cpecified groups, such a=n
prototype versus nonprototype programs, acrogs services or weapon types,
or between modificaclon and new programs. Tbese variables allowed us to
construct subsets of the database for comparative analysis,

The schedule-related variables are important in that time-related
variables or the timing of the program may influence cost outcomes.
These variables ware all calzulated based on the celendar dates listed
in the SAR for specific milestones: Milestones 1, 2, 3a, first
operational delivery, and the start and completion of Initial
Operatioral Test & PFvaluation (IOTxE). When possible, both the planned
and actual date were obtained for each event. Thus the planned and
actual lengths of various intervals (calculated in monthsg) and
percentage chunges (e.g., schedule slip) could be derived. These
measures were used as porsible factors explaining or affecting cost
growth.

The cost variables include the data necded for the cost growth
caloulation as well as ior calculating weighted everages. Using
constant prorram baseyear dollars for RDT&E, procurement and military
construction costs, the coust growth for each baseline was calculated as
described earlier. The total program drguisition cost at the time of
the basuline estimate was used as the basis for calculatine weighted
averages. We also split out the cost growhh associated with the RDT&E

and procurement program to sec 1f ther were any diftarences inr the

factsrs attecting them,
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Table 1.5

Rlements of the Database

Variable

__.Description

Categorical Descriptors
Program name
Service

Weapsn type
Contractor
Prototype indicator
Confidence

Precedent
Modification indicator
Unit quantity change

8Schedule Related

Program initiation
Pevelopment start

Years past program initiation
Years past develcpment start
Phagse 1 plan

Pnage 1 actual

Phase 4 plan
rhase 2 actual
Total planned length

Actual program duration

Concurrency (1)
Concurrency (2)
1OT8R olip

Level ot effort

Cost Related
Cost yrowth factor
Program size
Cost distribution

RDT&E cost growth
Procurement cost growth

Performance kelated
Composite performance ratio
Compouite operational ratio
Composite technical ratio
Per formance shortiall ratio

Common name and system derignation
Military service with management
responslibility

Weapon system classification

Prime contractor (s)

Derignates prototype/nonprototype
Assesameiit of confidernice in prototype
designation

Prior experience with system/technology
Designaten modificaticn/new start
Direction and magnitude of quantity
change from each baseline type

Year of Milestone 1 (or equivalent)
Year of Milestone 2 (or equivalent)
Maturity metric beased on Milestone 1
Maturity metric based on Milestone 2
pPlanned time (months), Milestone 1 to
Milestone 2

Actual time (months), Milestone 1 to
Milestone 2

Planned time (months),
first delivery

Actual time (months),
first delivery
Planned time (months),
first delivery

Actual time {(months), Milestone 1l to
firat delivery

CBO metric (August 1988)

Difference between Milestone 3a and 10T&E
completion

Difference between planned and actual
10T&E completion

Ratio Phase 1 length to Phase 2

Milestone 2 to
Milestone 2 to

Milestone 1 to

Total program, one for each baseline
Total program cost in FY89$

Ratio RDT&E to procurement costs four bhoth
bageline and current ustimates

Cost change for RDT&E only

Cost change for procurement, normalized

Average ratio of all performance mztrics
Average ratio of operational metrics
Average ratio of rechnical metrics

Ratio of number indicators not met to
total
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The performance related variables are based on the performance
section in the SAR, which lists the estimated and demonstrated
performance across a number of indicators relevant to each program. We
calculated performance ratios in a manner similar to the cost growth
calculation with similar interpretations: ratios less than one indicate
that the system did not achieve the performance goal; while ratios
greater than one indicate performance above the goal. The ratios are

used ag a proxy for technical difficulty, a commonly cited factor

affecting cost growth.
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3. 'THR RFFECTS OF DATA ADJUSTMENT

The particular adjustments made to SAR cost data can affect the
results of a cost growth analysis. The adjustments made to the data
should reflectc the goals of the study. For instance, if the objective
of the study is to show current budgetary impact, then no adjustment
should be made; data that reflect the effect of all inflationary and
scope changes are required. On the other hand, if the research goal is
to identify the factors affecting cost growth and suggest strategles for
mitigating the effect of those factors, then the data should be adjusted
to reflect only those things that are reasonably within the cost
estimator’s ability to estimate and the manager's ability to control.

The estimator’s role in causing and mitigating cost growth is an
important issue, It is unreasonable to expect precise accuracy in a
cogt estimate for an advanced system, especially very early in a program
when the system definition is still evolving. The discussion of Figure
1.1 (see p. 2) suggested that the desired estimation goal would reflect
an unbiased estimate with an expected variance of zero and a narrowing
band of error over time. However, there are questions as to the
responsibilities of an estimator. For instance, since both schedule and
technical goals can affect ¢ost outcomes, should the estimator be
responsible for questioning unrealistic goals, based on historical data?
Alternatively, the estimator’s role can be defined as simply calculating
costs based on a given methodology and various schedule and technical
inputs. Although generally the broader view of the role of the
estimator is adopted, SAR data allow adjustment only for inflation and
quantity change that occur after the estimate has been made, items that
cannot reasonably be attributed to cost estimation error.

Unfortunately, some otner items are beyond the estimator’'s control and
we cannot normalize them; these include changes to schedule, production

rate, scope, configuration, and degraded performance.?

Iperformance degradation is important as it can be considered a
nonmonetary cost. Thus an important caveat is that we cannot normalize
for relative performance achieved. Also we cannot account for costs
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Adjustments also need to be made to ensure the compatibility of
data across programs. While the directives governing SAR preparation
are intended to be appiied consistently across programs and between the
services, differences do arise in practice. Such differences can affect
the results of analyses using SAR data. To achieve the goals of the
current research, the data were adjusted significantly, both in terms of
interpreting the data in the SAR and adjusting that data as part of the

cost growth calculation. This section discusses these adjustments.,

'

INTERPRETIVE ADJUSTMENTS

A companion report documents several problems involved in using SAR
data for cost growth analysis,l0 Inattention to those problems results
in some distortion in the cost growth figures derived from the SARs,
This research follows the measures discussed in that report to mitigate,
to the extent possible, any distortion resulting from the quality and
our use of the data.

Our basic rule was to maintain the integrity of the baseline. When
collecting data from the SARs in a time series format, a commnon
occurrence is that the baseline changes for a particular program.
Sometimes the change is to a new baseline type (e.g., PE to DE); in this
case we simply calculate cost growth using both baselines and treat them
separately. Sometimes, however, a given baseline type changes, for
example, revising the DE bareline gseveral years after the initial DE,
Reasons for that type of baseline revision vary considerably, from
correcting previous inflation estimates to adding the costs of a scope
change. We treat such charqges ap cost variance and do not adjust to the
baseline.

Another type of interpretive adjustment that should be made
concerns the splitting or joining of programs. The most common forms
are segquential model. (e.g., F-15A/B, C/D, and E versions). While major
changes to an existing system should be considered as separate programs

for the purposes of cost growth calculations, usually the SAks do not

associated with fixing performance problems, since they are often in the
operations and maintenance accounts,
10Hough, Pitfalls, 1992.
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provide the information necessary to break out the costs associated with
different models. In the other direction, a problem program is
sometimes split into its commponent parts, allowing each to be
rebacgelined. The result is a decrease in cost growth., One example was
the Navy 3SUBACS program, which was split into the AN/BSY-l and -2
programs. The SARs reported them as separate programes for several years
but then combined the AN/BSY-2 into the SSN-21 SAR. However, since the
scope did not change, we trested them as a single program corresponding
to the baseline in the original SAR.

NORMALIZATION

The quantitative adjustments to the data can affect the measured
wost growth considerably. Since our ultimate research goal was to
identify the factors affecting comt growth, we wanted tc remove the
effects of factors beyond the control of cogt estimators at the time
they develop the baseline estimate, These include the effectes of
inflation and quantity changes. In performing the cost growth analyvses,
a specific bageline type needs to be chosen that will remain consistent
throughout. We further sorted the datsbase by program size and program
maturity. The result is a better reflection of potentially controllable
cost growth.

We accounted for inflation by pertorming all calculations in
constant base-year dollars. Changes in quantity are accounted for by
using SAR data via the specific nethodology dlascusmsed in the previcus
sect.ion. The bas.c rule was to adjust the cost variance to the basceline
quantity each time the guantity changed. The effects of data
adjustments are summarized in Table 3.1 for DE baseline programe ag of
the December 1988 SAR. Rach successlive adjustment changes the resulting
average cost growth, Inflation and quantity are shown to have the
largest effect on cost growth: the aver.ige rosgt growth for 125 programs
alter normalizatior is 42 percentage peints lower than the unadjusted
regult. 'This result accounts for much of the difference between our

resulta and those published by the General Account ing Office (GAO).!!

llgee, for example, weapcns Cost: Analysis of Major Weapon System
Cost and Quantity Changes, GAQ/NSTAN-89-32F&, November 1988,
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Table 3.1
BRffect of Data Adjustment

Cest Growth Number of
Factor Observations
Unadjusted 1.71 145
Adjusted for:
Inflation 1.35% 125
Quantity 1.29 125
Further sorts by:
Maturity 1.30 107
___Program size 1.20 107

NOTE: Adjustments are cumulative and inclusivae.
Data from SARe as of December 1988,

Another important adjustment is for program size. This adjustment
is substantive, though it is not directly related tr cost estimation.
As Figure 3,1 illustrates, a stiony relationship exists between program
size and cost growth. Smaller programs tend to incur higher cost
growth, Part of the explanation for this relationship is found in the
cost growth calculation itself: a small dollar change in a small
program nay be proportionately greater than a larger variance in a
larger program. Additionally, smaller programs might not receive the
same level of management attention as larger dollar value programs.
Alternatively, smaller programs may have proportionately more of their
costs in research and development (R&D) accounte, which as we
demonstrate later, incurs generally higher cost growth. Table 3.2 shows
the effect of program size and baseline type un average coust growth for
all programs in the database, A aimple average cost growth factor is
sevaen percentage points higher than a weighted average for all programs
in the database. The weight used here ls the total estimated baseline
acquisition cost (in FY90 dollars). While still somewhat crude,
waeighted averages better reflect the actual budgetary impact of cost
growth by accounting fur program size: small percentage changes in
large programs may be more importanit than large changes in smaller

programs., Because of this effect, all averages will be presented a:z

weighted rather than simple averages.
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Figure 3.1-Cost Growth Versus Program Size

Table 3.2
Bffect of Program Size on Cocst Growth Averagas

Simple Average _ Weighted Average

Total database (n=278) 1,20 1.13
Planning estimate (n=18) 1.19 1.14
Development eatimate (n=150) 1.30 1.20
Production estimate (n=90) 1.04 1.02

NOTE: Data adjusted for inflation and quantity.

Previously we mentioned the importance of referencing cost growth
to a consistant baseline, Table 3.2 shows that the difference across
bageline typus can be subsgtantial., The implication is that all analyses
mugt be performed for each baseline; mixing baseline types will distort
the results, Further, results ot analysis using a mixed baseline data

set are difficult to interpret because of the differences in timirg and

quality of estimating inherent in each baseline type. We have chosen to




- 24 -

present the analysis using the DE baseline, because it is more highly
represented in our databasc and is more common in other studies.!?

The age of a program correlates significantly with cost growth
outcomes. That relationship is shown in Figure 3.2; older programs tend
to have higher cost growth, a strong correlation that tends to dominate
most other cost growth drivers. This relationship can be explained in
part by the accumulation of problems and changes in a program over time.
Also product improvements to enhance system performance may cause more
costs to be incurred and the cost growth factor to incresase over time.
To date we have not been able to account for this effect in our
analysis. On average, a 2.2 percent per year increase occurs above
inflation as a program ages, although the variance is high. While the
figure measures maturity as years past EMD start, the same basic pattern
liolds if we measure yearc past program initiation (Milestone 1). The
implication for cost growth analysis is that e distorted result occurs
if program age is not accounted for. We have chosen a simplistic way to
acenunt for maturity: we define maturity as three or more years past
EMD start. The effect of this somewhat arbitrary definition is shown in
Table 3.3, Younger programs have significantly lower cusl gruwuil
factors, on average, because fewer events affecting cost growth have
occurred,

We have demonstrated that normalization has a significant effect on
the resulting cost growth, In the analyses that follow, all the data

have been treated accordingly, unless otherwise stated. Specifically,

1. All cost calculations use constant baseyear dollars

Cont variance has becn normalized to the baseline quantity

28]

Only programs three or more years past EMD start are included

. Only the DE baseline is used!’

s W

. Weighted averagcs are used when appropriate.

t'We have performed ahalyses gimilar to those presented in the
remainder of this report for all three baselines. While the magnitude
of a gpecific relationship may differ, the overall patterns are fairly
congistent across baselines.

igimilar analyses were performed for the PE and PdE baselines, but
the regults are not presented here.
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Pigure 3.2-Rffect of Maturity on Cost Growth

Table 3.3
Effect of Maturity on Cost Growth

Years Past EMD Cost Growth Number of
Start __Factor Observations

Total DE 1.20 150

Less than Lwo 1.14 22

Three or more 1,20 120

NOTE: DE baseline, weighted average. The start of
development could not be determined for eight programs
with a DE baseline: Safeguard, DSP, A-7E, LHA, E-4,
CELV, VAST, and SDS/GPFALS.
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4. THE BASICS8 OF DOD COST GROWTH

This section addresses some of the more common questions associated
with weapon system cost growth bv presenting some of its basic
characteristics., These include overall magnitude, differences between
services and weapon types, and some basic time trends. The information
provided here forms a basis for the more exploratory causal analyses of

Section 5.

BASIC DIFFERENCES: SERVICES, WEAPON TYPE, PROGRAM PHASE

The first guestion usually asked is: What is the overall magnitude
of DoD cost growth? We have already shown the basic fallacy of this
question: overall average DoD cost growth has many interpretations.
Cost growth must be referenced to a specific baseline type. Table 4.1
shows that for the DE baseline, the weighted average total program cost
growth for programs three or more years past EMD start is 20 percent.!4
This result is somewhat lower than that found in other studies because
of the composition of the database and differences in the adjustments
made to the data.

Table 4.1 also addresses another commonly asked question, what are

the differences between the military services. We might expect

Table 4.1

Differences Between Services

Average Average Age

Cost Growth Number cf Program Cost (years past

Bervice ~ Factor = Observations (billiong FY90§) = EMD)
Total DE 1.20 120 5.5 9.4
Air VForce 1.20 41 6.7 8.7
Army 1.13% 28 2.7 10.3
Navy 1.16 51 h.l 9,k

NOTE: DE baseline, weighted average, mature programs.

lirhe weighted average cost growth for other baselines (mature
programs only) is 14 percent for the PE (n=24) and 3 pervent for PdE
(n=81) .




- 27

differences in cost growth outcomes becauss of d:fferences in management
styles between the services. The Air Force appears to be about average,
the Navy is somewhat lowe: than the average, and the Army appears quite
a bit higher than the average. 2As shown in Table 4.1, some part of the
reason for this difference is that Army programs tend to be smaller and
older than those of either of the other two services. Smaller programs
tend to incur higher cost growth, and Army programs are approximately
helf the size of Air Force or Navy systems. Additionally, the group of
Army programs used here is about 1.5 years more mature tharn the programs
of the other services, on average, and older programa tend tu show more
cost growth. Nevertheless, these factors can account for only a small
part of the diiference between tiic Army and the other se:vices.

Differences across weapon system types might also drive differences
between the services. Table 4 Z provides the weighted average cost
crowth for nine weapon system categories. The hypothesis is that
differences in technical difficulty inherent in different system types
would be reflected in cost growth outcomes. Aircraft, electronics, and
munitions are all about equal to each other and are slightly higher than
the total DE baseline average. Helicopters and vehicles appear to be
considerably higher than the average. These systein types, dominaced by
the Army, are on average both smaller and more mature than other system
types. Ships appear to incur significantly less cost growth on average
than other system types, perhaps because of technical differences that
make ships less uncertain to estimate, a relatively sophisticated Navy
cost analysis capability, or the absence of most ship combat systems
from ship system SAks., While some of these difterences might appear to
be large, the very small sumple size for some of these groupings should
be .onsgidered. It is not possible to generalize from many of these
groupings.

Another commonly asked question concerns differences between
programn phases: development versus production. We m:ght expect that
RDT&E costs would reflect higher cost growth because most of the
technical difficulties are worked out in the development phase. Table

4.3 provides snme support for this notion. The RDT&E portion of a

program incu 3 higher cost growth, on average.
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Table 4.2
Cost Growth by System Type

Cost Average Program
Weapon Growth Number of Cost (billions Average Age
Type Factor Observations ~_FY90%) (years past EMD)
Aircraft 1.28 14 13.8 10.5
Helicopter 1.13 5 8.1 13.0
Missile 1.17 44 5.1 9.5
Electronic 1.24 27 2.2 8.5
Munition 1.22 7 1.7 7.7
Vehicle 1.71 3 3.0 12.0
Space 1.16 3 2.0 12.0
Ship 1.10 14 7.5 9.1
Other £.99 3 3.0 5.7
NOTE: DE baseline, weighted average, mature programs.
Table 4.3
Differences Betweon Program Phase

Cost Average Program Average Age

Growth Number of Cost (billions (years past
Appropriation Factor  Cbservations FY90$) EMD)
RDT&E 1.25 115 1.3 9.4
Procurement 1.18 113 4.5 _ 9.5

NOTE: DE baseline, weighted average, mature programs.

TIME TRENDS

One of th~ most commonly asked questions concerning costc growth is:
Have things improved cver time? Weapon system cost growth has been
recognized as a problem for manv years, and several attempts have been
made to improve cost performance. Figure 4.1 includes some of the more
important regulatory and administrative initiatives implemented over the
last 20 years that were intended to improve cost pertormance in weapon
system development. For example, one of the 1981 Carlucci initiatives
specifically addrersed the issue, and several other initiatives
addressed related issues (e.g., risks). The expectation was that cost
growth would inprove over time through the implementation of these and

other past initistives.
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Figure 4.1-Selected Acquisition Initiatives

As already mentioned, for every year past EMD start (see Figure
3.2) cost growth (above inflation) increases an average of 2.2 percent
per year. This figure is somewhat lower than the 5.6 percent per year
cited in a previous report!” and also lower than the 3 percent per year
result obtained using data current through December 1988, but it remains
a substantial trend. The differences in magnitude in large part are
explained by differences in the program sample.

Figure 4.2 presents another way to look at cost growth trends. It
plots the weighted average cos* growth for programs in five-year
intervals based on the year of EMD stert. Since the 196C-64 interval

has few programs, generalization i not possible. The trend from 1965

"Dews, et al., Acquisition Policy Effectivenesd, October 1979,




- 30 -

to the present appears to show a decrease in average cost growth,
indicating the improvement we would expect as a result of the variosus
cost and acquisition initiatives. Unfortunately, the differences in
average age largely account for the apparent improvement. Given that
programs tend to incur more cost growth as they mature because of an
accumulation of problems and program changes, we fully expect the cost
growth averagea for the 1980-84 and 1985-89 intervals to increase.
Taking that into account, it appears that, on average, weighted average
total program cost growth has been fairly constant over time, averaging
around 20 percent.

The implications of Figure 4.2 are somewhat disappointing,
especially to the DoD analysts and managers who have tried to control
cost growth., These officials often adopt an alternative way to evaluate
cost growth improvement over time--examining year-to-year changes in
aggregate cost for a set of programs. Figure 4.3 presents the results
of such an exercise. Cost growth is here defincd as the annual change
from December to December for all programs reporting in those years, a
very different measure than the one adopted here. Thus, the number and
mix of programs change each year, and cost gruwth is measured as the
percent difference in variance as a percentage of total costs for each
vear, calculated in the aggregate. Negative changes indicate
improvement. Figure 4.3, representative of the basic pattern that
emerges from this calculation, sometimes is referred to as a *hump
chart.”!'® Measured in this way, cost growth peaked in 1980, followed by
sevel 11 years of steady Jdecrease. While the pattern indicates
improvement, the limitaticns of this view should be urderstood, First,
Figure 4.3 doen not provide information about the resource allocation
implications of cost growth; it only indicates that 1989's total growth
across all programs is less than 1988's. Second, the data are subject

to the same interpretation issues as in Figure 4.2. The number of

lbpor example, see AIR FORCE Magazine, April 1989, p. 23.
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observat ions changes in each year, and the effects of maturity may
dominate the result, as indicated by the very high proportion of PE and
DE baselines. This pattern corresponds closely with the introduction of
new programs (see Figure 2.1), and new programs tend to have lower cost
growth, Lastly, the data inciude mixes of all three baseline types,
which tends to distort actual aggregate cost performance. For these
reasons, Figure 4.3 does not provide firm eviuence of improvement over

time.
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Figure 4.3-Annual Change in Cost Growth

The tendency for programs to incur more cost growth as they mature
.18 clearly demonstrated by examining the cost growth profiles of
individual programs. Figure 4.4 shows the four basic ., rofiles that
‘emerged after comparing 83 different programs.!’ The turn-down protile
accounts for about 35 percent of the programs examined, with the turn-
down point usually occurring several years after production start. The
steady-growth profile accounted for 18 percent of the programs examined,
while the level-off profile accounted for 27 percent, These three
protiles appear to be part of the same family in which cost growth rises
for a period of time, then elther continues to rise, levels off, or
dacreases somewhat, The magnitude of further rise or fall was highly
variable across the programs, The last profile, flat, accounted for

about 20 percent of the programs examined,

""These notional profiles emerged after examining each of the 83
mature DE baseline programs separately,
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In practice, few programs follow these patterns exactly. Rather,
the tendency is congiderable variance, as shown in Figure 4.5. The B-1B
is a typical flat profile, with minor fluctuation around the 1,0 cost
growth factor level, The F-14A is representative of a level-off
profile, with a minor fluctuation occurring around a cosL growth factor
greater than one. The Stinger is a dramatic example of a turn-down
it

profile, while the costs in the AH-64 have increased steadily over

time,!8

lBFuture research will attempt to identify any fundamental
technical or programmatic differences across programs that might account
for the difference between a flat profile and one of the others.
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EVIDENCE OF SYSTEMATIC BIAS IN COST ESTIMATING

The notion of estimation accuracy is fundamental to a study of cost
growth, As stated earlier, cost growth analysis is interesting because
of the systematic blas in cost estimating and a large degree of
variation about the average.

Conventional wisdom has held that cost estimates are systematically
biased (low) because of the intense competiticn between new programas for
resources and the competition tc win new contracts. Thus, lndustry is
axpected to underbid the true cost of the program, and the services are
expected to accept such a bid as reasonable. However, little
quanti ative evidence has supported this assertion. Figure 1.1 provided
evidence that cost estimation errors, in fact, are biased and the spread
of the data 1s much larger than we might expect or desire. The cost
growth factors used te construct Figure 1.1, however, contain a mix of
programs at eanh milestone {(e.g., each baseline). A better indication

of estimation accuracy would be to plot the same data fur programs where
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we have dats at each milestone. The resulte are given in Table 4.4.
Although cnly five programs have all three baseline estimates, the
evidence strongly suggests that weapen system cost estimates, as
reflected in SAR data, are systematically biased downward, understating
final program costs. The current database dces not allow us to test
whether such a bias is caused by underbidding of competitive contracts.
Also, the data from these five prugrams suggest that while the weighted
average cost growth decreases as you move from the PE basaline to the
later DE and PAE baselines, the varlance increases rignificantly moving
from the PE to the DE,

Table 4.4
Eatimation Acouracy over Time: Same Five Programs

Cost Growth Factor Standard Deviation
Planning estimsate 1.40 0.276
Development astimate 1.32 0.499
Production estimate 1.09 0,198

NOTE: Welghted averages. Programs include DDG-51, C/MH-53, M-1,
Bradley, and AH-64.
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8. FACTORS AFFECTING COST GROWTH

This section examines several factors potentially affecting cost
growth in weapon system programs, including development strategy,
schedule related factors, performance goals, management complexity, and
budget trends, While the factors examined here certainly do not exhausnt
the set of potential factors we examined during this study, they do
represent some of the more common and interesting hypotheses concerning

the drivers of cost growth.

DRVELOPMENT BTRATEGY

Nevelopment strategy refers to the nacro-level approach uged in
designing and developing a weapon cystem., We exahined two different
approaches: prototyping and modification progvams.

Prototyping encompasses a family of development atrategies
involving fabrication and test of hardware before & production decision,
where the testing is used to generate information other than just
demonstrating the achievement of contract specifications.l’ Pprototypes
generate inlormation that can he used to resolve various kinde of
technical and programmatic risk, Thus, we would expect that programa
that included prototyping ae part of the development strateyy would
incur less cost growth, elther because prototyping reduced subsequent
development rlsk, or because the lemsons of prototyping caused changes
(e.qg., cost lIncrenses) to be incorporated into the subsequent estimate.
Migure 5.1 shows the distribution of prototype and nonprototype programs
in our databsse by yeara past EMD atart. Since prototypes are often
fabricated and tested relatively early in a program, cest growth ln less
mature (youngetr) programs would be expected I~ pe momewhat higher. As
improved information becomes available sarlier, submequent cost
astimates can be adjusted accordingly. The cost growth fo. mature

prototyping programs, however, should be leas than nunprocotyplng

193ee Appuendix U fnr a more complete deflinition ot prototyping.
The definition used here is more completely documenLed in Jeitray A,
Drezner, The Naturr and Role of Prototyping in Weapon Syatem
Development, KAND, R-4161-A7Q, 199..
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programs for essentially the same reason. That result is not
demonstrated in Figure 5.1, 1In tact, no patterns emerge with respect to

prototyping based on these data,
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Figure 5.1-Distribution of Prototyping and Nonprototyping Programs

Categorizing prototypes requires considerable Information about a
program; this Information is not always available. Thus, it is often
useful to qualify each program designation as to the quality of the data
available and the confidenne avsociated with that judgment. Table 5.1
shows the weighted averayn cost growth factors for the set of programs
that could be categorized as elther prototyping or nonprototyping and
alpo for a subset of those programs for which we have more contidence in
the categorization. Using all programs that could Le categorized, we
gee a significant dlfference between prototype and nonprototype
o programs: prototypes are associanted with higher cost growth., Using the

smaller data set for which we have higher confiden:e in the

' clasrification does not change either the magnitude or direction of the
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difference.29 Notice that in both cases the effects of program size and
maturity may be influencing the result. On average, prototyping
programs in our sample are hoth smaller and more mature than

nonprototyping programs.

Table 5.1
Prototype Versus Nonprototype Programs

Cost Average Program Average
Growth Number of Cost(billions, Age (years
_ , Factor Observations FY30$%) past EMD)
All programs
Prototype 1.26 52 4.5 9.7
Nonprototype 1.16 49 7.5 9.1
Higher confidence
Frototype 1.29 30 4.7 10.7
Nonprototype 1.19 30 8.8 9.8

NOTE: DE baseline, weighted average, mature programs,

The result that, on average, prototyping programs incur higher cost
growth is not as counter-intuitive as it flret appears, For instance,
it may be that the prototype programs are on average more technically
challenging, involving higher risk, and uncertainty., FPFurther, in many
cases, prototyping might result in an {ncrease to the current estimate
rather than the baseline estimate. Using DE baselines as we do here, we
would expect lower cost growth only in programs that were prototyped
during a demonstration/validation phase, because the resulting
information could be incorporated into the subsequent DE baseline
estimate made at the start of EMD. Table 5.2 indicates that
programs in which prototyping occurred before EMD start have slightly
lower cost growth, ae predicted. An interesting side observation is
that post-EMD prototyping tends to be associated with smaller programs,

on average.

20por the current data set (as of December 1990 SAR), this result
holds acrosg all weapun system types. The basic result that prototyping
programg incur higher cosmt growth on average holds for both RDT&E and
procurement cost growth acroes system types as well., The only exception
is that procurement cost growth for aircraft is the same for both
prototyping and nonprototyping programs.
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Table 5.2
Cost Growth, Prototyping, and Acquisition Phase

Cost Average Program Average Age

Growth Number of Cost (billions, (years past
Factor Observations FY908) _EMD)
Pre-EMD Start 1,23 28 6.2 8.7
Post-EMD Start 1.37 23 2.5 _10.8

NOTE: DE baseline, weighted average, mature programs.

We also compared modification programs with new developments.?! we
expected that modification programs, because of a maturity effect, would
incur less cost growth than new developments. Because a modification
program is adding or upgrading one or more subsystems to an existing
system, more information is avallable to support cost estimates. Thus,
the estimate should be more accurate. Table 5.3 demonstrates that this
case is in fact true. Modification programs tend to incur significantly
less cost growth than new developments. Program size and age factors

aré similar enough to not greatly affect this result,

Table 5.3
Modifications Versus New Programs

Cost Average ProqramrrAverage Age

Growth Number of Cost (billions, (years past
o Factor Observations FY905) EMD)
Modification 1.16 36 4.0 8.9
New start 1.21 84 6.1 9.7

NOTE: DE baseline, weighted average, mature programs.

SCHEDULE~RELATED FACTORS

Often cost and schedule are asgerted to be highly correlated in
weapon system development programs., The relationship purportedly
manifests iteelf in several dimensions, including a direct causal
relationship in which one drives the other and in the sense that a
similar set of factors may affect both. We examined several possible

schedule factors as potential cost growth drivers. Three of the more

218ee Appendix D for a listing of the modification versus new
development classification and the rationale for each program,
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common factors are discussed below: program duration, concurrency, and
schecdule slip.

Sometimes the length of a program is associated with increased
costs. The assertion is that longer programs cost more, regardless of
whether or not technical or programmatic problems occur. For instance,
a longer program may include product improvements that increase both
development and unit production costs. A corollary of this assertiun is
that longer programs allow more time for unanticipated events to occur
that affect cost performance, Figure 5.2 showe that such asserticns at
least have some merit., The figure plots the cost growth factors against
the actual program duration, measured in months from Milestone 1 to
first operational delivery. The relationship is fairly strong; longer
programs tend to exhibit higher cost growth. Logically this effect is

consistent with the maturity effect illustrated previcusly.
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Figure 5.2-Cost Growth and Actual Program Duration
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One implication of this result is the potential to mitigate cost
growth by designiiyg and eiecuting shorter plans. One way may be to
introduce concurrency int¢ the schedule plan., Based on the rasul:s
presented in Figure 5.2, we might expect that highly concurrent programs
would have less cost growth because they are shorter. Conveitional
wisdom asserts just the upposite. Because concurrent programs
transition into later pi.ases of development or precduction without
ne~¢ssarily completing testing from prior phases, an increased risk and
a greater potential exist for cost growth. We measured concurrency
several ways; one is shown in Figure 5.3, 1In this case, concurrenc: .s
defined as Lhe overlap (in months) between the completion of IOT&E and
Milestone 3a, the beginning of low rate production. No strong pattern
is apparent in either direction. If just the concurrent :.rograms are
examined, however, it does appear that increased concurrancy and lower
cost growth are related. One interesting observation from Figire 5.3 is
that a significant number of programs were highly sequential in terms -
the timing of test completion ard the initial production decision.
However, the concurrency measure is highly sensitive to the 100&E and
Milestone 3a dates listed in the SARs. A detalled examination of a few
programs indicated that in some cases iLhose dates asrc not renresentative
of actual development events, especially IOT&E completion. Thus, the
averall result presented here must be treated with caution.

A ommon eisertion is that the same set of factors affecte bLoth
ront. and schedule,  If this were the -ase, 1 positive correlation would
occur botween cost growth and schedule slip; we would expect that they

would move together. Figure 5.4 plots cost growth and schedule siip, .

measured as the months of slip in first operational delivery. "he B
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strong positive correlation we expected is not demonstrated. 1In fact,
no relationship at all is seen between cost growth and schedule slip.
This result suggests that some sets of famtors can affect elther cost or

schedule while not affecting the other.

PERFORMANCE

Performance outcomes are the third part of the ascquisition outcome
triad; often cost, schedule, and performance are used to measure the
efficiency of the acquisition process. The SARs contain 4 performance
gection that indicates the estimated and demonstrated performance across
a renge of relevant performance indicators for each system, As
mentioned in Section 2, we calculated a composite periormance ratio
using these datu. Our goal war Lo construct a proxy messure for
technical difficulty. 1If the ratio was less than ore, indicating that
on average the system’s pertosmance was deficlent, we couid infe: that
the technical challenge and the resulting difficulties were high. This

intormation sliould be associated with relatively higher cost agrowth,
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Figure 5.5 shows the result; no ra2lationship exists between the
composite performance metric and cost growth. This finding does not
mean thet technical difficulty is unassociated with cost growth.
Rather, we feel that the metric itself is an insufficient proxy for
technical difficulty. Problems with the mctric include differences in
importance of the various performance indicators used to calculate the
composite ratio, differences in the metrics themselves (e.g., comparing

unlike items), and a very small variance in the composite ratio.
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MANAGEMENT COMPLEXITY

We also wanted to capture the complexity of program management as a
potential factor affecting cost growtii, Management complexity might be
expected to be asscuciated with increased cost ggoth because of the
cootdination challenges of a larqge development effort., We identified

the prime cortractor for each program in our catabase. Then we

J25ee Appendix E {«r a listing.




compared those programs with a single prime contractor to programs that
were joint at the contractor level. Joint referr here to formal teaming
arrangements. As shown in Table 5.4, a substantial difference exists,
however, not in the expected direction. For this sample, the eight
jointly managed procgrams at the contractor level have lower average cost
growth than singly managed programa. Of interest is that the joint
programs in our database are also smaller (expect higher cost growth)
and less mature (expect lower cost growth;, thur making the difference
between joint and single management nore striking. Nonetheless, the
result musi be treated cautiously because of the very small sample of

joint prograns.

Table 5.4
S8ingle Versus Joint Contracting

Cost Average Program Average Age

Growth Number of Cost {(billions, (years past
Factor Cbservations FY90$) EMD)
gingle 1,20 112 5.5 9.5
Joint 1,11 8 4.9 6.8

NOTE: DE baseline, weighted average, mature programs,

BUDGET TRENDS&

Budget trends might be expected to be associated with cost growth.
For instance, in times of increasing budgets, the expectation would be
that cost growth should decrease because cost estimates weuld not need
to be held down arbitrarily. In other words, cost realism would
dominate in an enviroument of increasing budgets. The logic of this
hypothesis is that an important factor in budget formulation ia the
exprctation of future budget size, rather than the actual budget in any
giver year, If future budgets are expected tc grow, and by implication
fully fund a development and/or productici effort, then cost estimates
can be more rvealistic and still appear politicaily and econcomically
feasible.

To exemine this potential effect, we have plotted the average

yearly cost yrowth for the set of mature programs reporting in that
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year?? and the annual change in the proposed DoD total obligational
authority (TOA). We have lagged the TOA by two years; for instance, the
1982 TOA was proposed in 1980 corresponding to the two-year POM cycle in
DoD. Figure 5.6 shows a surprisingly strong relationship between
average annual cost growth and expected top-line budget zuthority.
However, the relationship is the opposite of what we expected. 1In times
of increasing budgets cost growth also increases, while decreasing
budgets are associated with declining cost growth ratios. The decline
may be explained in part by the strict cost controls managers impuse in
times of tight budgets,
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Figure 5.6-=Influence of Budget Expectations

Note that the cost growth line in Figure 5.6 shows that the annual
rate of change in cost growth has been negative in recent years. This

figure cotresponds with DmD assertions that cost performance has

2iNote that this metric is very different for cost growth than used
previously; thus its interpretation must be different.
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improved as a result of the Carlucci initiatives. While the trend is
not in diepute, the interpretation is highly questionable. That trend
line does not fully account for the effects nf maturity, and a different
mix of programs is contained within each data point. Further, cost
performance is not measured by the aggregate annual race of change in
cost growth but rather by the difference between the vriginal estimate

and the actual costn, after correcting for inflation, quantity, etc,
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6. CONCLUSIONS

This rasearch had two basic objectives:

1, Quantify the magnitude cost growth in weapon systems
2, Search for patterns, trends, and relationships theat might explain
cost growth,

This last section summarizes what we found regarding these issues,
and discusses some policy implications. Potentially profitable areus

for future research are also identified.

SCOPE OF THR PROBLEM

There are many waye to measure cost growth, both in teirms of the
particular adjustments made to the raw data and in terms of the way the
data are handled in subsequent analysis. Results can differ as a
function of these adjustments.

We made adjustments to the SAR data that removed the effects of

factors not reasonably attributable to the estimator, including:

1. Using constant dollars in all calculatinns to remove the effect of
inflation

2. Normalizing all cost variance to the baseline estimate quantity

3. Using only mature programs in the analysis, defined as three or more
years past EMD start

4. Referencing all cost growth factors to a specific baseline, thus not
combining different baselines

5. Using welghted aveiages, when appropriate, to account for the etfect

of program size.

Of these factors, inflation and gquantity have the greatest effect
on reported cost growth ocutcomes. Of interest is that the two factors

that correlate with cost growth most strongly, after the effects of

inflation and quantity-induced chanygc are removed, are program size and
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maturity. In general smaller programs tend to incur higher cost growth,
perhaps because variances are proportionately more visible, becaune
small programs receive relatively less high level management attention,
or because R&D costs are a large portion of total costs and tend to
incuy more cost growth. The accumulation of problems and changes over
time is the driving force behind the obsarved effect of maturity, It is
important to note that some of these changes may be product
improvemants. On average, cost growth increases by 2.2 percent per year
ebove inflation beocause of the effects of maturity. Program gize and
maturity can dominate other factorslaffecting cost. growth outcomes and
so must be considered in both the analysis and the interpretation of
results,

what is the overall magnitude of DoD cost growth? There is no
gingle anawer to thie question; the answer can vary, sometimes
dramatically, across the factors listed above, For the DE baselinae,
given the adjustments mentioned above, the weighted average total
program cost growth is about 20 percent. B; way of comparisgon, the
General Accounting Office (GAO) has reported 41 percent cost growth as
of the Docember 1987 SAR submission, uncorrected for intlation or
quantity, 4

The Army and two of its standard weapon types--vehicles and
helicopters--had relatlvely higher cont growth., This highar figure can
be explained in part by the generally smaller size of Army programs and
alru because Army programs on average are obout 1.5 years more mature
than programs in the other dervices,

A fundamentel conclusion of this research is that cost estimaten
are, on average, systematically blased downward, resulting in cost
growth, This result is comparable with the results of others. while
handling the data differently, the GAO work cited above is certainly
vonsistent with the notion that a systematic bles exists In cost
eastimation., Reseaich by tlie Institute for Daefense Aralyses (IDA}
resulted in similar trends to our current work: The welghted avurage

totel progrem cost growth ag of the December lY¥'/ SAR submission was 51

YWearons Cost: Analysis Of Major Weapon Systemg Cost and Quantity
Changes, GAO/NSIAD-89-32FS, November 1988,




- 50 -

percent, with less mature programs incurring about 30 percent cost
growth and completed programs incurring 92 percent.?5

Work published in 1984 by Management Consulting ani Research, Inc.
indicates an average cost growth of 18.4 and 18.6 percent as of December
1982 and 1983, respectively, adjusted for quantity and inflation.26

These examples illustrate both the yariability of cost growth
outcomes as a function of both the data set used and the way the data
are handled, as well as sugge..ing a consensus among analysts thac
weapon system costs are commonly underestimated, A further reault that
we added is that accuracy does not improve as much as we might hope as
we gain more information., It ssems that fundamental uncertainties
remain in cost estimation regardless of the amount of information on
system configuration and programmatic information available to the
estimator,

The potential for lmprovement over time is perhaps Lhe lssue of
moet cuncern to current policy makers, It seems reasonable to expect
that the myriad of initiatives implemented over the last several decades
lntended to control coste and improve cost estimating capabllities would
have had some positive effect. Unfortunately, we can detect no such
effect in the data, Cost growth has conslstently averaged about 20
percent over the last few decades. Given the strength of the maturity
effect, however, .t seems unreascnahle to expect to measure such
improvement today. Programs begun in the 1980s will not reach an
aAverage age comparable with our 19608 and 19708 data until the middle of
the 19908, About 70 percent of the programs we examined have rost
growth profiles that increase well into production, Thus, until later
in this decade we will not be able to detect whether initiatives
implemanted as a result of the Packard Commisslon or the more recent

Defense Management Review (DMR) have had the desired effect.

"SRaren W, Tyson, et al., JAcqguiring Major Systems: Cost and
Schedule Trends and Acquicition Initiative Effectivenesg, March 1989,
Chapter IV. IDA's cost growth results avre corrected for inflation and
quantity, though the methedology differs from RAND's.

Garald R. McNichols, et al., The Problem of Cost Growth,
Management Cousulting and Research, Inc., 30 April 1984,
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FACTORE AFFECTING COST GROWTH IN WRAPON SYSTEN DEVELOPMENT

An important objective of this research involved gainirng insight
into the factors that affect cost growth in weapon éystems. As
mentioned previously, program size and maturity can bg-r?f{I‘qd as
important factors, but thcy do not lead to obvious * - .y rms)bnses.
Awareness of these effects may cliange expectations -t cost outcomes,
but they do not suggest dirent ways to further control the potential for
cost growth., Thus, we exanined several classes of programmatic
variables, including development strategy and schedule variables, o
further understand the drivers of cost growth. Unfortunately, we tound
few strong relatinnships that would help explain the cost growth
outcomes we have observed,

We compared the cost outcomes of prototyping and nonprototyping
programs, expecting to find that a prototype development strategy
contribules Lo cosL control through reduction of uncertainty.
Interestingly, programs that included prototypirg had a relatively
higher cost growth., This result may be due in part to the timing of the
prototype phase within the context of the overall program schedule,
Bince earlier prototybing makes data avaiiable earlier, thus potentially
affecting the baseline cost estimate at the time of EMD start. Our
results are consistent witn this notiom. It may also be true that
prototyping was conducted for programs with relatively higher degrees of
technical uncertainty, a hypothesis that deserves further exploration.

Since the information available to an estimator for a modification
program is greater than for a new system start, we would expect the cost
estimate to bz more accurate for modification programs. In fact, our
data show that cost qrowth for modification programs is significaently
legs than for new starts, on average.

Asglde from the tendency of programs to acrumulate problomg, and
hence cost growth over time, the only schedule variable significantly
correlated with cosu growth is actual program Jduration., Longer prograins
tend to be asgociated with higher cost growth, probably due to much the
same mechanism w«a that driving the maturity effect, Of interest is that
plannad length and various measures of schedule slip ar: not related

Byutematically to cout growth outcomes. While program length, program
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gize, maturity, and modification versus new developments are significant
corr4lations, no single factor explains a large portion of the observed
variance in cost growth outcomes. Hence, there is no “silver bullet”

policy tosponge,

POLICY IMPLICATIONA

From a policymaking point of view, the fact that cost estimates are
systematically bissed can be viewed positively. If the drivers of that
bias can be dlscovered, then perhaps policy options can be foxmuln;ed
and implemented to mitigate the effects of factors causing cost growth
in weapon systems. In contrast, if the drivers of cost growth were
random across individual programs, the resulting cost estimation error
¢ould not be controlled easily. One should also be cautious about
ovaremphasizing a cost estimating bius. Some cost growth is caused by
continuing product improvements that cannot be identified early in a
progrem and are beneficial to system performance.

Our research suggests that no substantial improvement has occurred
in average cost growth over the last 30 years, despite the
implementation of several initiatives intended to mitigate cost growth.
In fact, our results suggest that cost growth has remained about 20
percent over this time perlod. One implication is that the various cost
vontrol and realistic budgeting initiatives have not been fully
implemented, or were not implemented correctly, due to strong
institutionel barriers. It seems to us that full and honest
implementation of existing regulations might improve the situation. Of
course, a rather major change might be required in the institutional
structure and incentives of the acquisition system.

Is an average 20 percent cost growth in weapon system acquisition a
problem? We feel that such a judgment 1s pest left to decislionmakers
concaerned with resource allocation. We should point out, however, that
the sum of the total estimated costs for the DE baseline programs in our
database 1s over $450 billion in FY90 coastant dollars. Twenty percent
of that figure ($90 billion) is significant and could substantially

affect the quality of resource allocation decisions, particularly in an

increasingly tight budget environment.




FUTURE REBSEARCH

We have found the SARs to be useful in providing an overview of
cost growth outcomes, though the data for each program must be examined
carefully for reasonableness and validity. However, the SAR provides
limited data that can explain the various patterns and trends we have
observed. The performance data in the SAR, while perhaps providing a
reasonable measure of achievement of contract specifications, do not
allow measurement of what we are really interested in--technological
difficulty. The schedule and other programmatic data in the SAR seem to
provide a reasonable basis for relating cost and uchedule inputs and
outcomes, but since we cannot know the rationale behind those early
schedule decisions, we cannot know the extent to which they actually
explain changes in cost outcomes. Thus, the SAR database needs to be
supplemented with other sources of data to support the kind of meodel
building we are attempting in this research.

Nonetheless, the existing database can support considerable further
research. For instance, it can be broken down further into more
homoganeous groups, such as tactical and strateglc missiles, alrborne
and ground basged electronics, etc. At that detailed level, it might be
possible to identify relationships that did not show up strongly in the
more macrc level analysis discussed here., Addltional, new explanatory
variables can be added that are associated with hypotheses not examined
here, such as contract type, jolnt government management, single versus

dual source competition, production rate changes, and technical

complexity.
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Appendix A
STATUS OF SELRECTED ACQUISITION RERPORT PROGRANMB

Table A.l lists the universe of gelected acquisition report (SAR)
programs and shows the first and most recent (as of December 19950) SAR
submisgion and the current reporting status. The list is divided into
active (currently reporting) and inactive programs. It does not
correspond exactly with the number and title of SARs found in the
official SAR Summary lists because we have handled certain programs
differently for analysis. For instance, we have maintained SUBACS as a
Bingle program, although the Navy reports it in two separate SARs.

The 16 programs listed at the end were not included in our analysis
because they did not report costs in constant program baseyear dollars.
Thus, a cost growth metric conmistent with the methodology used here
could not be constructed for these programs. Unfortunately, the C-5A
was included--a program that has been cited as having incurred high cost
growth,

The table provides the weapon system classification, explained more
thoroughly in Appendix B. It also provides a program status indicator.
In progress means that the program is c¢urrently either in development or
production and is submitting a SAR. Mature indicates that the program
no longer reports SARs bacause lts production run is at least 90 percent
completed., A terminated status indicates chat the program was canceled
before completion for a variety of reasons, which may include changes in
threat that make the system no longer necessary, or cost, or performance
problems. A below-threshold status means that the total program current
estimate is below the SAR reporting threshold and so no longer submits
SARs.

The tabla also gives the total program cost growth factor for each

program as of December 1990, or the last available SAR. 1If a program

had more than one baseline, each cost growth factecr is shown,
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B. WRAPON SYSTEN CLASSIFICATION

Table B.1 provides the weapon system classification for each
program in the database and a brief rationale for that designation. 1In
most cases, determining system type is straightforward. However, in
some cases, we deviated frem the obvious for the reasons shown.

The munitions category includes munitions, howitzers, and gun
systems. Munitions are distinguished from missiles in that they either
are not self-propelled or have no guidance unit, Missiles are sgelf-
propelled ard have a guidance unit. Torpedoes are included in the
missile category. Vehicles are self-propelled; hence, trailers are not
vehicles., Space systems include both launch vehicles and satellites.
Other includes rall garrison basing, drones, UAVs, rotary launchers, and
SDI. Electronics encompasases all electronics-based systems, including
avionics, sonar and towed arrays, combat, and communication systems.
Aircraft programs whose primary motivation is electronics and that do
not involve a new airframe are categorized as electronic systems. These
include P-52 OAS/CMI, P-3C mods, OH-58D, LAMPS MK III, EF-111A, E-3A
AWACS, E-4A, EA-6B upgrade, P-3C, E-8A JSTARS, E-2C, and SH-60F CV Helo.
A similar logic is applied to shipe (e.g., the DGL AAW Mod is
categorized as electronics).

Many of the classifications are subjective. Some programs are
mixtures such as the Navstar GPS that includes satellites, control
systems, and user equipment, Other programs such as the V-22
{helicopter rather than aircraft) and CAPTOR (munition rather than
missile) simply tall into gray areas.

Note that the table is divided into active and inactive systems, as

in Table A. 1L,
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Table B.1
Weapon System Type Classification

Weapon

Program Sarvice Type

Deucription

ACTIVE PROGRAMS (as of Decembar 1950 SAR)

AAQ-11/12 (LANTIRN) AF Elactronic
AGM-131 (SRAM II) AP Missile
AGM-131A (SRAM-T) AF Mignile
AGM-134 (S1ICBM) AF Miaoile
AGM-65D (Mavarick) AF Miseile
AIM-120A (AMRAAM) AF Missile
AIM-129A (ACM) AF Missile
B-1B (Lancer) AR Alreraflt
c-17 AR Alrcraft
CBU-978 (Seng Fuzed Weap) AR Munition
CELV (Titan IV) AR Space
CcMu Ar Electronic
psCs Il1 AR Space
psp AR Space
E-3A (RSIP) AR Tlectronic
F-16 (Falcon) AF Alrcraft
22 (ATF, Advanuved Tactical Fighter)

A Alreraft
U8 AR Space
JETARS AR Blectronic
JTThE AR Electronie
KC-135R (SLratotanker) A Alrcraft
KG-44 (DMOP) AF Space
[GM-11BA (Peacekooper) Al Miggile
Navstit b AR fpace
Rall Qarriaon AR Ot her
WWMCCS (WD) AF blectronic

AAWS-M (Javelin) Miusilo

Army

Low Altitude Navigation and Targeting Infrared
System for Night (EO fire control eystem)

Short Range Attack Missile (improved nuclear
air-to-surface migsile replacing the AGM-69A
Nuclear Air to Surface

Small ICBM; hard mobile system

Imaging infrared version of Maverick air-te-
ground missile

Advanced Medium Range Air-to Alr Miusile
{Sparrow replacement)

Cruise misuile

Strategic bomber

Transport

CpU-97/8: consistes of ten BLU-108/B
submunitions packaged within Tactical Munition
Dispenser (TD); within each BLU-10B/B are four
self-forging, fragment warheads commonly called
rgkaecy”

Complemenitary Expendable Launch Vehicle
{upgraded ‘Titan 34D)

Defenes gatellite Communication Jystem (secure
voice and high rate data transmisslon)

Dafenen dupport Program (satellite in
guogtationary orbit plue ground support
equipment for monitoring balllstic migeile
activity and provide warning of attack)

Radar dystem Improvement Program

Multimission fighter

Alr guperiority fighter

Inertial Upper Stage (uppar atayge tor Titan
111 and Shuttle)

Joint Survelllance and Target Attack Radat
dystoem (battle manusgenent and targating agystem
uning modifled 707 acfr to be called E-BA)
Joint Tactical [nformation Distribution
system (advanced jam-resistant, computerized
radlo

Tanker aircratt (modifled KC:-135A
Incorporat.ing new engines, pylons, nacelles)
pefense Meteorologleal Satellite Program
{Block HD)

1CBM (aleo known as MX) that {a currently
oilo-baged

Navigation Satcei . te Timing and Ranglng
Ulobal bPositioning Syatem

Program to enhanc o the nsurvivability of the
ICBM aystem by deploying Peacekeopers on
Lraing uslng natlon's malnllne rall network
(inciudes trains and alert shelters faor
traing)

world Wide Milltary Command and Control System
Antl-tank Weapon System
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Table B.l=continuad

Weapon

Progran Servite Typa ' Descriptien

ADDS Army Blectrenie  Army hMata Distribution Aystem (hybrid of PLRO
(romitlon tozating Reporting System) and JTI

AFATDS Army Elactronic Battlefisld Maragement and Danision Support
Systam

AOM-114A (Hellfire) Army Mimsile . Helicepter-launched air-to-uurface termihal

. : homing missile with variety of cesker modules

AH-84 (Apache) Army Helo. Attack balicopter eq.ipped with night and
advarse weaather capalility

AH-66 (Comanche) Army Helo Halloopter to fufill Army’s armed
reconnaissance/light attack mission

AEAS/ENSCE Army Elentronic  All Bource Aralysis Sy.cem/Enemy Hituatlion
Corralation Elemeni (ASA8 ls the control
gubsystem for the tntelligerca/Electionic
Wnrfare subsystem of tha Army Command and
Control fystem

ARM Army Vehicle Arttored System Modernization

ATCCB/CHE Army Blectronic  Army Tactlical Cumnand and Control System
Common liardwara/3oftware

BAM-71C/D (TOW I.) Ay Minglle Tube launched, Optically tracked, wire guided
rurface-to-gurface and alr-to-nurface 'nigpile

CH-470 (Chinook) Army Helo Madium trandvort helicoptar

FAAD (31 Avmy glectronic  Forward Area Alr Defense Command, Control, and
Intelligence; C21 network tylng FAADS waapons
together

FAADE 1LOG-F-11 (ADATH) Arty Mloslle Forward Area Alr Defunge System Line of Jight-

Forward-Hueavy) ADATS = Alr Dufensge Anti-Tank
dyetams laser beamrider missile; replacement
for gt York: mounted vn Bradlay M

FAADE 1OR-R {Avenger) Army Migslle Forward Area Alr Defenne Systen Line of gight-
Roar) aka PM3 or Fedontal Mounted #tingur; to
by launched from High Mobility Maltipurpone
whaeled Vehicle

FAADE NLOS (FOG-M) Army Mlgaile Forward Area Alr Defense System Non-line of
Slght) FOG-M = Fiber Optic Qulded Mire!lep to
ber taunched from eithar blgh Mobl Uity
Multlpurpose Vohilelo or MLRES Vehlele

MM (PL3) Army Vehielo Family ot Hoavy Tactleal Vehloloo (Pallatined
toading Dyatemdy PLE 1o 1605 ton vehsele
comproneed of prime mover with integral olt
toad/zanload ecapabi tity plan teh ton trailer

JIM e (0t ey KM Arty Mite o Mah pottable, choulder fired nu. tace to alg
minplla

MY Ay Vrhicle Family of Modium Tracked Vehleles 405 Lo b Leon
vehiclen gulted for multipurpons tranaport

JTMD/ AT Aty Mirnnl o Joatot, Tactical Mioolle Defonge rrogram/ant

Tact beal Mineller JIMD ig umbrolia coneopt
untidet which technologlies to upport. active
derfatne, couttor foree, paistive conunt ormeangre
atirl command aned control ayal e ageinngt Waroaw
Pact, tet feal mingdlo Lhreoat o dnitial focus 1o
on providing ool defense of Patriob via Antd-
Taet Yeal Minoile (NIM)

Longbsow Apmichie Ariy Eloct ronie Fire cont rol Radar

Lonighxow He Lt fre Arty Mingilo Al Lo tGrousd

M-1 (Abrame) Artny Vehielo fFour men, highly mobile, tally trackaed vehicla

M 273 (Hradloy v Arnry Veliie o Fully tracked, Thaht by armerod inlont iy and
calvary vehle o

M a6 (MLKG) Aty Mutiit jon MUl ipde Loeoneh Rorket Oyolemg arbillery rocket

ayatom on w21 launeh vehlote




Table 9.l-continued

Weapon

Program Hervice Typa Description

MiIM-140A (ATACMS) Army Missile Army Tactical Mismils System (improved
conventional missile designed to attack targets
beyond range of cannons and rockets; to ba
fired from M270 (MLRS) launcher)

MIM-104 (Patriot} Army Miesile Surface-to-air misgile that provides medium to
high altitude air dafense

MLRE/TGW Army Munition Multiple Leunch Rocket System/Terrinclly Guided
Warnead

MEE Army Electrorle Mcbile Subscriber Hquipmenr; automatic switched
digital 3ecure voice and datua transmission
for corpes and divisicn users

OH-5BD (AHIP) Army Eluctronle  Advanced Hellcopter Improvemen® Program
{mod] fled OH-8BA with ™V, thermal imaging, and
laamr rangefinder-deaignator)

BADARM Arty Munition Sense and NDeBtroy Armorp munition to provide
snhanced counterbattery capabllity tor 155me
howitzer and the MLRE .

SINCOARS-V Army Eloctronie  fingle Channel Cround and Airbcrne Radio Systen
{VHF-FM combat naet radio)

UH-60 (Blackhawk) Ay Halo Utillty helicap-er formerly called UTAY
(Utility Tantical traneport Alreraft System)

AGM-BBA (HARM) Navy Misglle High spesd Anti- ..diution Missile; eir-to-
gurtace misnile designed “o destroy enemy
radars

ACUM/ROM/UGM-BAA  (HARPOON) Navy Migeile nir/ship/submar ‘ne launched anti-ship missile

AIM-120A (AMRAAM) Navy Miuglle Advanced Medium Hange Alr-to Alr Missile
{Sparrow replacemant)

AIM-54C (Phoenix) Navy Misaile Alr-te-air, all weather long range missile with
improved perf and reliebility over AIM-54A

AN/ALQ-16% (ASPJI) Navy Blectronic  Alrborne 3elf Protection Jammer (defensive ECM
for tactical alrcratt)

AN/AG <144 (LAMPS MRIT!) Navy Blectronic  Light Alrborne Multi-purpose System; computer
integrated ship/hellicopter system; the aircraft
subgygtem i~ tha §H-60B Seahawk (a derivative
of the UH-60)

AN/BGY -1/ (SUBACH cumby) Navy Electronic  SUBmarine Advanced Combat information System;

ANZIIY 4 (DHBALG)

AN/ - #9

AL/5QY
ANZTPD D (ROTHR)
ACE -t

AGM 12N LA
AV-HB {(Harrier [T}

BOM 109 ("omabiowk )

CAME DY (Buper Stallion)

o 47 tAegls Cruirer)

Nrivy
Nivy
Neavy
Navy
Neivy
Neavy
Navy

Neivy

Nevy

Nivy

Eloctronic
Blectronic
leotronle
Flectronic
ghip
ot hor
Ajrecraft

Miaslle

Helo

shilp

AN/BSY-1 for Los Angeles clasp attack
nubmarines plug AN/BSY -2 for Seawolf clauog
attack oubmarine

Hthmarine Advanced Combat. intormation dystem
tor Seawolf class ottack sulsarloe

surface Ship ASW Combat System (provides
yurfaca ships with capability to detect,
clagslfy, and track enemy subg at long range)

Fagt combat gupport ship (dellvers ammo, fuel,
and provisions to battle groups)

supersonic tow Altltude Target; supersonic,
ramotely controlled, recoverable target vehicle
Improved vergion of AV-BA V/8TOL, light attack,
close alr support alrcratt

ship/submar tne launched land at tack and ant]-
ship migulle (formerly called SIOCM or Sea
Launched Cruise Mlaglle)

dhilpboard compat [ble, heavy trangport
hellicoptar

Tleonderaga claus crulser fltted with Aegis
combiat. gy tom
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Table B.l-continued

- Weapon -
Program . Sarvice TYe Dencr.ption
CYN 12, 73 Navy ship Nimitz class nuclear powerad carriers
CVN 74, 15 Navy ship Nimitz clase nuclear powored carciors
CYN-76 Navy Ship Nurlear Alrcrafr Carrier
DG -51 Navy ship B ke class guided migsile destroyer
E 2C (Hawkeya) Navy Eiectronle Carrler-based early warning, strike control and
gurveillance aircrafn
-6A Alr Commn {Herumedn) Ny Electronic  Dagic ¥ 3 aircraft to replace BC-110Q tor

providing rellable and gecure communicacions
from National Command Authority to Fleat
Ballletle Misnile Jubmorines

EA 6D Upgrade fProwler) Navy Electronic tmprovedd capability electronic countermeasure:
for EA-6B
F-140 (umeat ) Nawvy Alrcratt Carricr based air dotfense tighter; has new
N engine, new digita) avionics and upgraded radar
F/A-LE (Hortot) Neavy AMoecraft carvier haaed, multi-mipsion tactical airerafr
PO (Fixed Digtribution Oyatem)
Navy Flertranie  Fixed pigtelbation Syacem; pansive acoust iz
guriwd llance pygtem for detecting -ubs
LOAC-1 Navy ship tanding uraft Air cushion; provider siip-to-
f ghore trangportation ol men and equipment
LHD-1 (Clags) Nawy' Ship wanp clase amphibious aasault ship (deslgned to
land Marine forces)
LAD-41 (Cargo Yariant) Neavy shlp variant of LSD-41 modified with amaller docking

woll (ko accoimodate more troaps and
egiiprnt) and hoavior-duty cranen
MEM -1 Niavy Ship Averger clans Mine Countermeasdres Ship
MK-d4H tADCAR) Navy Mimils Abditional CAPabi)ity, submarine-launched,
convenl ional, wire guided, acoustic homing
torpado tnmod to badlc MK -48)

MK L0 (TORDPIIO) N vy Miwgile Advanced [igntWeigh. Terpoedo; wshif. or aacratt
Launched ant i submaring weapott rystem

RIM O8M, B/ (MR EN) Ny Mineile Ship launchod gurface-to-alr migsilor MR
Mediom Range and FR = Extended Range

opoanr (Vo Holo) Navy Wleat ronie Provides carrisr inner sone AW protection
nainag an improved rechored donary reploonn
AN

SN2 Novy Ship gonwalt elang ot miclear powerod attdek
rbana e

DI e Hovy g Ll Aol it ob e Tear powerod atback
sabanar e

1oan vy Niteratt Training dyatom Leaang P ASA Gorthawk (modi Fiod
vorrtion of Hritiash Acroopace Howk)

TACY PR ewrr 0 S ) Neivy HHE TAG- 1T clany Lleer of o

Trichet 11 (2UH) My Hhip vhio clasg Trident. 1L atrategic monile
auhtmar e taetart ing with U S 4)

HOM L8R Ul dddene G 1) Ny Mieale inbimaraee baunched bal tigtic miagile
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Table R.1l-continued

Weapon

Program Service Type Degcription

AGM-65A (Maverick TV) AF Missile W-quided ai:-to-surface misaile

AGM-65C (Maverick Laser) A Mlerile Laser -yuided air-to-surface missile

AGM-69A (SRAM) AR Missile sShort. Range Attack Missile; supersoniec air-to-
surface missile armed with nuclear warhead

A3M-86B (ALCM) AR Misnile Alr-Launched Cruise Minsiie

AGM-88A (HARM) AF Migsila High speed Anti-Radiaticn Miseile; air-to-
surface missile designed to destroy enemy
radars

AGM-136A (Tacit Rainbow) AF Miosile Alr-launched, loitering, antiradiation miseile

AIM-7M (Sparrow) AR Missiln Al weather, air-io-air missile

AIM-SL (fiduwinder) AF Miseile Infrared seeking, air-to-air missile

AIM-9M (Sldewinder) AF Mimsile Infrared seeking, air-to-air missile

AN/FP8-118 (OTH-B) AR Elactronic  Over-the-Horizon Basckscutter Raduar

ASM-135A (ASAT) AP Missile Anti-gATellite missile; modifimd SRAM first
stage plus Altair I1I mecond stage
with miniature imaging infrared homing warhead
vehicle

ATARS AR Electronic  Advanced Tactical Alr Reconnaisgance System;
focuges on development of common systema for
manned and unmanned reconnalssance family of
EO/IR sensor suites, datalink gets, recorders,
and recon managemnent

B-1A (Bomber) AF Alrcratt Strateyic bomber

B-52 (DAS/CMI, Stratofort.) AF Electronic Offaluive Avionics System/Cruise Missile (ALCM)
Integration

BGM-109G (GLCM, Gryphon) AF Migmile Mobile surfaca-to-surface intermodiate range
nuclear migeile; akua GLCM or Ground Launched
Crulge Missily

C-5B (Calaxy) AF Alrcraft, Transport aircreft (improved vecslon of C-5A)

CI8 (MARK XV 1FF) AF Elentronic  Combat Irdentification System (Identification
Friend or Foe)

CERL AF Other Commot., Strategic Rotary Launcher

B-JA (AWACE, Bent.y) AR Blectronic  Alrborne Warning and Control Syatem; modi{led
707 arrframe

t-4 (AABNCP NEACP) Al flactronie  Advanced Alrborne Command bPost) modlfied 747

EF-111A (10 Raven) AF Electronic  Tactical Jamming System; modified ¥-111A
alrframe

15 (Ragle) AR Mreraft Alr superiority flghter

w-110 A/D/F AR Alraraft, Tact.leal fighter

FoBE (Tigor 1L AR Al raratt Alr superiority tighter

HH 60D (Niaht Hawk) AF Heeley Combat, gearch dand rescue/dgpocial operations
hellcopter

I-0A LAMDPE) Al filectronic Inter-Service/Agency Automated Megsago
Procesoing Excharge

JTIDG (Bnhanced B39) Al Bloctronie  MHigh anti-iam registant voice communication
gyutean

Ko 10A  (Bxtonder) AR Alreraft — Manker/cargo alveraft (modified IxXT 10)

Lagior Bomb Guldance Al Electronle  lLow Level laser Bomb Cuidance Kit (aka Paveway
111t conpista of lager bomb guidance kit
dttached to MK-HZ (GBU-32) ar MK-84 (ORU 24)
bomb

LM 304 (Minuteman T11) Al Mioal Lo Three stage, solid propellant ICBM

ML Al Blocuron Microwave Landling sSystem (precliulon approach
radar)

pPLES AR Electronie Precislon Locating Strike Aystems
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Table B.l-continued

Weapon
Program Service Type Description
UXC-4 (TRI-TAC) AR Electronic  Joint Tactical Communications Program (tactical

multi-channel switched communications including
AN/TR-170 digital tropscopic radio terminalse
and the Communicationa Nodal Control Element
(CNCE) }

AGM=136A (JGLTacitRnbw) Army Missile Joint Service Munition

AN/CSM1-10 (TACFIRE) Army Electronic TACtical FIRE direction System (irtegrated on-
line tactical cumputer system for use by
tield artillery units)

AN,TTC-39 Anmy Electronic Clrcuit switch

AN/USQ-84 (S0TAS) Army Electronic  StandOff Target Acquisition System; consists
of sirborne surveillarce and target acquisition
radar (mounted in EH-60C) plus datalink to
ground

ARVS (8cout) Army Vehicle Armed Reconnalissance Vehlcle

BGM-T1A ('TOW) Army Missile Tube launched, Optically tracked, Wire guided
surfaca-to-surface and air-to-gurface minsile

BGM-77A (Dragon) Army Miesile Medium .angs, wire gulded antitank missile

FIM-92A/R (Stinger/Stinger-Post)

Army Miselle Man portable, shoulder fired surface to-air
missile in disposable launch tube

HLH Army Helo Heavy Lift Helicopher

JTIng Army Electronic Joint Tactical trnformation Distribution System

LAV Army Vehicle Light Armored Vehicle

M-104 (Howltzer) Army Munltion Self propelled howitzer

M-198 (Med. Tow Howltuer) Army Munition 155mm Medium Towed Howitzer

M-60A2 'Pank Armny vehlcle Diesel pownred combat tank

M112 (Copperhead) Army Munition Canriont launched 155mm guided projectile (homea
on laser beam projected on target by f{orward
ovgerver)

M-988 (DIVAD fgt York) Army Municion pivigion Alr Defenge gun system; combines twin
40mm guns with sophisticated fire control
gystan; chaspls to have buen modified M485 tank

MUM-131B (Pershing 1I) Army Missile Mobile, intermediate range balllstic mieslle
with nuclear warhead

MUM- 50 (Larnica) Army Misglle

MIM-11% (Rolend) Arty Miggile short range surface-to-air missaile wiLh vehicle
mounted fire unit, Furopean-designed

MIM 248 (lmproved [fawk) Artny Migaile Medium range air deterige minsnile against low Lo
medlnm altitade atreratt

Riv Army Other Al lay small propeller driven, automab leally
vontrolled pilotlcos dlioraft for target
acquisition, deslgnation, reconnelsaance, and
damage agresgment,

Safoguard Army Migsile B" project 1len capable of target lockon

. after launch
sprint and the high altitude Opartan

50 guided tfrojectlle Navy Munitlon Semi -active lager gulded prolect iln

' (ided Profectile Nisvy Munition Family of gun launched tenmingl homing 8¢
projoct 1oy

A QR {(Intruder) Nevy Alrcraft Carrler based attack aircratt. (uhip and land
targoets)

AT (Cargare 1) Nivy Alrcruft Carrier based close alr gupport and
fnterdiction alreratt

Aagio Mk 7/ Navy Blectronle  Anti-alr dufonoe syatom using advanced concept
vadat ayat am aned armed with dtandard miunile

AGM SN (Condor ) Nuvy Minuile Gtandoft, alr-to-gurtface, RO guided minolle

AIM-54A (hounix) Netvy Misoile Alr Lo alr, all weather long range misaile

AlM M (Oparrow) Néwvy Miant Lo All weather, air-to alr minuile
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Table B.l-continued

Weapon
Program Service TyDe Desgcription

AIM-9L (Sidewinder) Navy Missile Infrared seeking, air-to-air miseile

AIM-9¥ (8idewinder) Navy Missile Infrared seeking, air-to-air missile

AN/SQR-19 (TACTAS) Navy Electronic TACtical Towed Array Sensor

AWSOW (Sea Lance) Navy Minmile UUM-125A; Antj-Sukmarine warfare Scandoff
Weapnn; SUBROC replaceitent

Battleghip React. Navy ship Reactivation of battleships New Jerssy, Iowa,
Missourl, and Wisconsin

{JGN-38 ship Virginia class nuclear powered guided missile
cruisar

CVN 68, €9, 70 " ship Nimitz elass nuclear povwered carriers

CWN 71 ship Nimitz class nuclear powered carrier

bD-963 (bestroyer) ship dpruance class destroyer

F-14A/0/C (Tomcat) Alrcraft Carrier basnd air defense fiyghter

FFQ-" (Class) ship Oliver Perry class gulded missile frigate

HFAT System Flectronic  High Frequericy Ant.i-Jam System; nrogram to
acquire HF/AJ communication system to meet
Battle Group and tactical support heedn

J1LD8 DTDMA Blectronlc  Jolnt Tacticval Informaticn Distribution
System/Distributed Time Division Multiple
Access

ILHA (Assault Ship) ship Taraws class anphiblous assault ship (duploys
Marines by both helicopter and landing araft)

Light Armored Vehicle Vehicle Marine verslon of Army LAV

La8D-41 (Basic) ship whidbey Island clags landing ship dock;
provides transportation and launching of
amphibious c¢ralt with “heir crews and embarking
personrael

MK-1% (phalanx CIW3) Munit.ion loae In Weapon System; automatically
controlled gun system deslgned to provide
defense against cloge I sea gkimming

MK-48  (TORPEDO) Missglle oubimarine launched, long-range, high speed
acoustle homing torpedo

MK -60 (Captor) Munition . enCAPsulated TURpedo! mine consisting of
ancapsulated MK-46 tornedo

NATO AAWS Other Antl Alr Warfare System; NATO collabaratlve
devalopment ancompnasing detoctlon through
ongagement. capability. optimized to mret the
ant.l ship eruise migaile threaty praovides tor
integration and control of diasiml lar gengors,
aignature expantion, and Integration of
hardk i 1] aned poftkill engagomant regour ces

NATO PHM (Hydratol i) Mevy ship Pagasus clags patvol combatant -misgslle
thydrutoil)

3¢ torion) Navy plectronic hLand baged antl-submarine patrol alrerath
¥ Mod (Orfon) Navy lectronie  Avionlou updestoey ot P-3C0

A LLBRAACA) Nuvy Alrcraflt Long Kange Alr ASW Capability Alrcvaft

g-4A (viking) Nitvy Alrerntt Carrler based artd-aubmayine patrol olroraft

SURTANT Nevy Elostronle  PUkvel Hanee Towed Array Sengor Syslom

Trident 1o(aun) Nuvy ship ohio clagn tMrident. T rategie miggl le
gubmariner (DOBN-726 thru 733)

UM 96A (1 ldent 1) Nev t Miaitle Submarine Taunechod haltiot e miogile

VAL Nevy Plect ronla Veroat ble Avionics Chop foat ool pment.

INACUTVED PROGRAME NOT COLLECTED DUE PO ARGENCE 01 BASE YEAR DATA

Cha (Galaxy) Al Alroralt Tranaport. atreralt

Daes 11 Al Hpsacn Dofonne Satellite Communication fyntem {(pecure
volee and igh rate data tranomisglion)

FR-T A (Bombor ) ' Alreraflt Moedium range strotoeglse bonbaer




Table B.l-c¢ontinuad

Weapon
Brogratr Service YT Description
LGM-30F  (Minut sman 11) AF %igsile Three stage, solid propellant ICEM
AH-36 (Cheyenne) Aymy Helo Attac; helicoupter
MO XME05 Ay venjcle Main Battle fank (formerly MBT-70)
MaM- 51 (Shillelagh) Ar.y Missiie Tank- fired, IR-guided, opticilly-tracked anti-
tank misgzile
AM/ZBOOY Navy Flectronic  Sonar for nuclear attuck submarines
AN/BQS <13 TR Navy Elec.ronic Submarine sswarch sonar, active/pasuiva
N800 -23 Navy Electrunic  Sonar for patrol ships
AV-RA Harvier) Mavy Aircraft V75100, 1ight attack, close air suppert
aircra®
OB 10592 (Bscort) Navy “hap Koz « 'ass escort (now reclassifisd as

. {rigutes)

: Ik AAW o) Navy Elertronic  QGuided Missile Friqate Anti-Air Warfarae
Modernizot.ion (to improve effectiveness of
electronics and wmissile system)

SUN- G Lt argoeon) Navy chip sturgeon class nuclear actack submarine
AON- BHY Navy ship Lipscomb claus nuclear attack submarine

UGH- TIA (Pasvidon © 1) Mavy Miasle ~ubyatine launched ballistic misgsile




C. PROTOTYPE DESIGNALYICN

Classification of & program as to whether or not it was prototyped
is inherently difticult. The information required to make that
assessment is orten not available, and the available information is
often ambiguous., We have adopted a nroad definition of prototyping,
developed as part of other RAND research. The basic definition used
here ia given bLelow:

A prototype is a distinct product (hardware or software) that

allows hands-on testing in a realistic environment. 1In scope

and scale, it represents a concept, subsystem, or production

article with potential utility., 1t is built to improvz the

quality of decisiovns, not mererly to demonstrate satisfaction

of contract specifications., It is fabricated in the

expectation of change, and is oriented towards providing

intormation affte<ting risk management. decisions,??

Baged on the amount, relevence, and qguality of informat.on
available, we have also rated our contidence in our prototyping
designation: high confidence implies that the information we had
available way enough lor us tou unambiquounly apply our definition. The
nource ot information is indicated an we!ll.,

A related notion ia that of precedent: was there previous
expericnee with this systom type and/or techpology, and it no, what type
ol vxpellence,  Generally, the same intormation requited tor making the
prototyping desianat ton wilb capport o et crminal Ton oo eceadent
Tl e o bt prrecodent (oua, oA, et frrobt ot ype {7 et
Fobed, dndiveot prototype (%Y 0% 1o V20, or previous medels (BOLA to
b+ 1), by thee cecond and thoirdd catergor ben are prolotypeets o the it
v conrent ional o decelopment oy vocdnet ton proaroer, amd o the fearth o iooa

mond b b s en ot ate,

ettty ey AL Uoeener, Tl Natepe and foode o i oraryvipanag i Weapon
Syt ne evedopaeent o FAaRD, R oG ed CAUQ, L, poe
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D. MODIPICATION DRSIGNATION

Table D.1 indicates whether the program is a modification of an
existing program or a new program start. The determination was made in
part based on information used to make the prior experience assessment
in Table C,1, Modifications include major subsystem upgrades,
replacements, add-ons, life extension programs, etc., Modification
programs often can be identified hy mission and/or capability chances to
exigting gystems and are sometimes associated with a charge in
designation (e.g., *A” version to *C” version). Mondevelopment item

(NDI) programs are consldered modifications.
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Table D.1
Modification Designation

Weapon
Program Service Type Mod? Comments, etc,

Alircraft no Built from scratch

Aircraft  yes Earlier A-7's (Navy versions)
Electyon no No precedent

Mirpaile yes

Missile yes

Missile n No precedent

Migaile no No pracedent

Migsile no Original version

Missile yes Seaker mod

Missgile yes Seeker mod

A-10 (Thunderbolt)
A-70 (Corsair 11)
AAQ-11/12 (LANTIRN)
ArM-131A (SRAM II)
AGM-121A (SRAM-T)
ACM=134 (SICBM)

, AGM-136A (Tacit Rainbow)
AGM-65A (Maveriek TV)
AQM-65C (Mavevick Lamer)
AGM-65D (Maverick)

ACM-69A (SRAM) Missile ro
AGM-B86B (ALCM) Migsile no No precedent
MiM-BBA (HARM) Migeile no
AIM~-120A (AMRAAM) Mipsiie no No precedent
AIM-129A (ACM) Migsile no

AIM-7M (Sparrow)

AIM=9L (8ldewinder)
AIM-9M (Sidewinder)
AN/FDPS=-118 (OTH-B)
ASM-135A (ASAT)

ATARS

B-1A (Bombar)

B-1B {(Lancer)

B-52 (OAS/CMI, Stratofort)
BGM-109G (QLCM, Gryphon)
c- 17

Cc-58 (Galaxy)

CBU-97B {Sens Fuzed Weap)
CELV (Titan 1V)

C1S (MARK XV IFF)

Migsjle yes Earlier Sparrows (*F*, *L* versions)
Missile yes  Earller versionas
Migsile yes Earlier veraions
Electron no No pracedent

Mignile no No prucedent
Electron o No precedent
Alrcrafe to New development
Alreraft  yes Upgrade of B-1A
Electron  yes Avionice upgrade
Missile yes ACLM/SLCM derivatlve
Alrcraft no New development
hircraft  yes Baged on C-5A
Muniticn no

Spaca yes Earlier Titan systems
Eleccron ro New technology

e XA At It L R L IR T I L L i L L L L

oMU Electronic yes

CYRL Other no New u3se/new tech

pscs 111 AF Space no Unique satellte systems

pgp AR Space no Unique satelite systems

E-3A (AWACS, Sentry) AR Electron no New development

B-3A (R81P) AP Electrunic yes

E-4 (AABNCP NEACP) Al Ilectron no New ac (Hoeing 747) with new
clectronicy

ER-1118 (Raven) AR Llectron yes Migsion/avionics change

#~111 A/D/E/F AF Alrcraft no Original vuraion was new

F-15 (Eagle) AF Alrcraft ro Original version was new

F-16 (Falcon) AR Alrcraft no Original versionh was new

F-22 (AF, Advanced Tactical Fighter) AR Alrcratt no New technology

F-5E (Tigetr I1) AF Alrcraft yeg

HH-60D (Might Hawk) AR Helo yes UH-60 derivative

I1-SA (AMPE) AF Electron rio

IUs Al Space ro Nev boogter developmen.,

JITARS W Electron 1o No precedent

JT128 AR Electron no No precedent

JTIDS (Enhanced EJS) AF fElectron yes Basic JTIDS TDMA

KC-10A (Extuender) Al Alreratt o Does not count mod of DC-10 to
military contiguration

KC-13%R {SLratotanker) Al Aircratt yug New engine

Ka-44 (IMsp) AF Space no Unicque patellte systems

Lager Bomb Guldance AR Electron yes Thig le 3rd generation of kit

LAOM-11BA (Peacekeeper) AF Mionile tio No precedont

LGM- 300 (Minuteman I17) AR Miasile yer




Table D,l=continued

Weapon
Program Service Type M

&

Commenrtd, etc,

Part commercial, part new
development

MLS

Electron ye

Navstar GPS (Sat.) Space no No precedent

Navstar GPS (U.E.) Elactronic no

pPLSS Electron no

Rail Garr!ron Other no No pracedent

T-46A (Next Gener, Train.,) Alrcraft no

UXc-4 (TRI-TAC) Elactron no

WWMCCS  (WISs) Blectron yes Modernization program
AAWS-M (Javelin) Migsile no

ADDS Electron no

AFATDS Electronic no

Mipsile ney
Misaile yes

Helo no

Helo no
Electron no New development
Flectron no See TRI-TAC
Electron ro
Vehicla no New development

AGM-114A (Hellfire)
AGM-136A (JIGLTacitRnbw)
AH-64 (Apache)

AH-66 (Comanche)
AN/GHG-10 {TACKFIRE)
AN/T'1C-39

AN/USQ-84 (SOTAS)

ARVS (Scout.)

§5373595535535953Fnmnnnnz 3

ASAS/ENSCE Eleatron ne No precedent
AsM Vehicle no
ATCCH/CHS Electron no No pracedent,
BGM-T1A (TOW) Missile no
BOM-71C/D (TOW II) Migrile yes
CH-47D (Chinook) Helo yes
FAAD C21 Electron no
FAADE LOS-F-H (ADATS) Aray Migeile no
FAADE LOS-R (Avenger) Army  Mimaile yes New 2 plication of basic Stinger
migsila
FAADS NLOS (FOG-M) Army  Migslle no Firet applicatlon of FOG-M
FGM-77A (Dragon) Army  Missilg no New uevelopment
) FHTV (PLS) Army  Vehicle no Naw sy .cem deslgn/configuration
FIM-92A/8 {Stinger/8tinger-Post) Arty  Migsile no
FIM-92C (Stinger-RMP) Ay  Mimsile yas
FMTV Army  Vehicle ne
HLH Army Haelo unk
JTIDE Ary  Blectron no
JTMD/ATM Army  Mismile no
LAV Ariny vehiclo no
LongbwApache Army  kElectronic  yos
Longbwilfire Army  Miomile yos
M-1 (Abrams) Armmy  Vehicle no
M-109 (Howitzer 15%) Army  Munitlon no New deve lopment
M-128 (Med, Tow Howltzer) Army  Munition ne Daveloped from scratch
M-2/3 (Bradley BVS) ATy  Vehicle e
M- 2t (MLRS) Army  Munition no
M 60A2 Tank Arty  Vehirle yet
M-712 (Copporhead) Army  Munition Ho
M 9B [DIVAD Sgt York) Army  Munit lon [{18)
MGM- 131 bPershing 11) Attty Misgpile youi
MOM 140A (ATATME) Army  Miggile no No piecedent.
MG Y (Lance) Army  Miaslie e
MIM 104 (Patriot) Aviyy  tianile 1)
MIM L1 (Relatd) Army Minailoe yiut Hyetom deslgn was imported with
some modifieat fon
MIM 238 (lmproved Howk! Any  Mianile you
ML /W Ay Munit fon {13
MOL Army  Kloct ron you WD commercial development
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Table i.i=gontinued

Weapon

Program Service Type Mcd?  Comments, etc.

CH~58D (AHIP) Armmy Electron yes OH-58BA/C

RPV Army Other no

SADARM Arny Munition no

Safeguard Army Missile no

SINCGARS-V Army Electron no

\H-60 (Blackhawk) Army Helo no

5% Quided Projectile Navy Munition yes 8imilar to Copperhead

8% Guided Projectile Navy Munition yes Baged on 5 in QP

A-8E/F (Intruder) Navy Alrcraft  yes Earlier version

A-7& (Corsair II) Navy Alrcraft yes Earlier version

Aegis Mk 7 Navy Electron no

AGM-52A (Condor) Navy Missile no

AGM-BBA (HARM) Navy Missile no

AGM/RGM/UGM-84A (HARPOON) Navy Migslle no

AIM-120A (AMRAAM) Navy Missile 1o

AIM-54A (pPhoenix) Navy Missile no

AIM-54C (Phoenis) Navy Missile yeb Earlier version

AIM-TM (Sparrow} Navy Migsile yes garlier vergion

AIM-9L (Bidewirdet) Navy Missile yes Earlier version

AIM-SM (Bldewinder) Navy Miseile yes

AN/ALQ-165% (ASPJ) Navy Electron no

AN/APE-124 (LAMPS MKITI) Navy Electron yes UH=60 mod

AN/BHY-1/2 (BUBACS comb) Navy Elnctron no Original program was new development

AN/HOQ-89  (ASWCB) Navy Electron yes Integration of subsystems developad
separately

AN/FQR-19  (TACTAD) Navy EHlectron no AN/SQR-19

AN/8QY-1 Navy Electronic yes

AN/TES~T1 {ROTHR) Navy Eleccronie no

AOE -6 Navy Ship no

AQM-1274 (HLAT) Navy Other no

ASWEOW (Hdea Lance) Navy Migeile no

AV-BE (Havrler 11) Navy Ajrcraft yes Earller version

Dattleship React,, Navy Ship yes

BOM-10¢ (Tomahewk) Navy Migsile yes ALCM modification

r/MH-53 (Juper Stallion) Navy Helo no

C3-47 (Ae ip Cruisoe) Navy Chip no New clasa

CON-138 Navy Ship o Now clase

CVN b8, 69, 70 Navy ship o New class

CVN 71 Navy ghip yor Follow-on ships in clases with
changes in systemg

CVN 12, 13 Navy ship yes Fnllow-on ships in clawe with
changes in systems

CUN 14, 1% Navy ship yas Folluw on ships in class with
chavges in systems

CYN-76 Navy ship yas

DD-963 (hestroyer) Navy ship Ho New class

DIx3-H1 Navy ship no New clage

B 2C (lawkeye) Navy Electron yes

B-6 Alr Comm (Hermos) Navy Eloctron no

FA-HH Upgrade (Prowler) pNevw  Blectron yes

P 14A ('lomcat) Navy Alrcratt no

F- 14D {Tomeat) Navy  Alrcraft ye

/A TH (Hortnt ) Navy  Alroratit [{5]

FDS (Kised Diatribat fon Sygtom) Navy  Elect ron yor Comnercial syston conversion

P Neivy shilp Ho Naw class

HisAJ Hy it om Navy FElectron 1o

JTEDN DTEMA Mavy  Eleetron o Techriclogy difters from basic JTIDS

ICAC | Navy chip no

LHA  (Araandt Chip) N-wy Ship no New claen




Table D.l-continued

Weapon
Program Service ‘Type Mad?  Comments, etc.
LHD-1 Mavy ship no New class
tight Armored Vehicle Navy Vehicle no
1.8D-41 {Basic) Navy Ship no New class
1.30-41 (Cargo Variant) Navy ship yey
MCM-1 Navy Ship no Mew class
MK-i5 (Phalanx CIWS) Navy Munition no New concept (gun slaved to radar)
MK=48 (ADCAP) Navy Missile yes
MK-48 (TORPEDNO) Navy Mismile no
MK-80 (TORPEDV) Navy Mismpile no
MK-60 tCaptor) Navy Munition no EnCAPaulated Mk-46 TORpedo: new
concept
NATO AAWS Navy Other no New davelopmant
NATO PHM (Hydrofoil) Navy ship ne
pP-3C (Orion) Navy Electron  yes
pP=3C Mod (Orion) Navy Electron yeas
P-7A (LRAACA) Navy Alrcraft no
RIM-66M,570 (MR/ER) Navy Misgile yes RIM-67C based on Std Msl 1
8-3A (viking) Navy Alrcraft no New development
EH-60F (CVHELO) Navy Electron  yes Added coitbat system to SH-60B
88N-21 Navy ship no
SSN-688 Navy ship ne
SURTASS Navy FKlectron no Mobile 80sUs
T-45/T8 Navy Alrcraft  yes Modified BAe Hawk
TAO-187 {Fleet Oiler) Navy ship no
Trident I (SUB) Navy ship no New claus
Trident II (85UB) Navy ship no New class
UGM-133A (Trident II) Navy Miesile no New development
UGM-96A (Trident I) Navy Missile no New devalopment
UHF Follow-of Navy Space no New generation communication set.
V-22 (Ospray) Navy Helo no New type
VAST Navy Electron no New development

SLS/GPALS Q8b Other no
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